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ICL7665 Micropower Under/Over Voltage Detector 5-39 

ICL7667 Dual Power MOSFET Driver : , 5-47 

ICL7673 Automatic Battery Back-up Switch ., : 5-55 

ICL8013 Four Quadrant Analog Multiplier 5-63 

ICL8038 Precision Waveform Generator/Voltage Controlled Oscillator 5-72 

ICL8069 Low Voltage Reference .....5-81 

ICL8211 Programmable Voltage Detector 5-83 

ICL8212 Programmable Voltage Detector 5-83 

IH5110 General Purpose Sample & Hold ...5-94 

IH5111 General Purpose Sample & Hold... 5-94 

IH5112 General Purpose Sample & Hold .,..5-94 

IH5113 General Purpose Sample & Hold .....5-t94 

IH5114 General Purpose Sample & Hold .5-94 

IH5115 General Purpose Sample & Hold 5-94 

Section 6 — Data Acquisition 

AD7520 10/12-Bit Multiplying D/A Converter ..6-1 

AD7521 10/12-Bit Multiplying D/A Converter 6-1 
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Section 6 -F-^ Data Acquisition (C0iit.) 

AD7530 10/12-Bit Multiplying D/A Converter :...... 6-1 

AD7531 10/12-Blt, Multiplying D/A Converter... 6-1 

AD7523 8-Bit Multiplying D/A Converter. ,, ..6-7 

AD7533 10-Bit Multiplying D/A Converter ,. .6-11 

AD7541 12-Bit Multiplying D/A Converter 6-16 

ADC0802 8-Bit juP-Compatible A/D Converter ,6-22 

ADC0803 8-Bit /iP-Compatible A/D Converter * ,. 6-22 

ADC0804 8-Bit juP-Compatible A/D Converter 6-22 

ICL7106 3 Va-Digit LCD Single-Chip A/D Converter 6-37 

ICL7107 3 Va-Digit LED Single-Chip A/D Converter .....;... 6-37 

1CL7109 12-Bit /iP-Compatible A/D Converter ...,.;.. 6-48 

ICL7115 14-Bit High-Speed CMOS /iP-Compatible A/D Converter 6-66 

ICL7116 3 y2-Digit with Display Hold Single-Chip A/D Converter 6-78 

ICL7117 3 Va-Dlgit with Display Hold Single-Chip A/D Converter 6-78 

ICL7126 3 y2-Digit Low-Power Single-Chip A/D Converter..... ...6-88 

ICL7129 4 Vz Digit LCD Single-Chip A/D Converter. ...6-98 

ICL7134 14-Bit Multiplying MP-Compatible D/A Converter .6-109 

ICL7135 4 y2-Digit BCD Output A/D Converter ..6-121 

ICL7136 3 y2-Digit LCD Low Power A/D Converter .6-132 

ICL7137 3 y2-Digit LED Low Power Single-Chip A/D Converter .;...... 6-142 

ICL8018A 4-Bit Expandable Current Switch 6-151 

ICL8019A 4-Bit Expandable Current Switch. 6-151 

ICL8020A 4-Bit Expandable Current Switch 6-151 

ICL7104/ICL8052 12/14/16-Bit juP-Compatible 2-Chip A/D Converter 6-157 

ICL7104/ICL8068 12/14/16-Bit juP-Compatibie 2-Chip A/D Converter 6-157 

Section 7 — Timer/Counter Circuits 

ICM7206 CMOS Touch-Tone Encoder ;... :... 7-1 

ICM7207/A CMOS Timebase Generator. ...7-10 

ICM7208 7-Digit LED Display Counter... 7-15 

ICM7209 Timebase Generator ........7-22 

ICM7213 One Second/One Minute Timebase Generator 7-25 

ICM7215 6-Dlgit LED Display 4-Function Stopwatch ...: 7-30 

ICM721 6A 8-Dlgit Multi-Function Frequency Counter/Timer : . . . . l 7-36 

ICM7216B 8-Digit Multi-Function Frequency Counter/Timer ..; 7-36 

ICM7216C 8-Digit Multi-Function Frequency Counter/Timer. ............:. .7-36 

ICM7216D 8-Digit Multi-Function Frequency Counter/Timer .........:. .7-36 

ICM7217 4-Digit LED Display Programmable Up/Down Counter.. .....7-52 

ICM7227 4-Digit LED Display Programmable Up/Down Counter .....7-52 

ICM7224 4 y2-Digit LCD/LED Display Counter ..: 7-67 

ICM7225 4 y2-pigit LCD/LED Display Counter : 7-67 

ICM7226A/B 8-Digit Multi-Function Frequency Counter/Timer.... ....;.... 7-75 

ICM7236 4 y2-Digit Counter/Vacuum Fluorescent Display Driver.. .7-88 

ICM7240 Programmable Timer 7-93 

ICM7250 Programmable Timer .; ....7-93 

ICM7260 Programmable Timer 7-93 

ICM7241 Timebase Generator 7-103 

ICM7242 Long-Range Fixed Timer ...:............ 7-105 
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Section 7 — Timer/Counter Circuits (Cent.) 

ICM7245 Stepper Motor Quartz Clock 7-111 

ICM7249 5-y2 Digit LCD M-Power Event/Hour Meter 7-115 

ICM7555 Genera! Purpose Timer 7-123 

ICM7556 Dual General Purpose Timer 7-123 

Section 8 — Display Drivers 

ICM7211 4-Digit LCD/ LED Display Driver 8-1 

iCM7212 4-Digit LCD/LED Display Driver 8-1 

ICM7218 8-Digit LED Multiplexed Display Driver 8-10 

ICM7231 Numeric Triplexed LCD Display Driver 8-20 

ICM7232 Numeric Triplexed LCD Display Driver 8-20 

ICM7233 Alphanumeric Triplexed LCD Display Driver 8-20 

ICM7234 Alphanumeric Triplexed LCD Display Driver 8-20 

ICM7235 4-Diglt Vacuum Fluorescent Display Driver 8-40 

ICM7243 8-Character LED /xP-Compatible Display Driver 8-45 

ICM7280 Dot Matrix LCD Controller/Row Driver ..,8-54 

ICM7281 40-Column LCD Dot Matrix Display Driver , 8-69 

ICM7283 LCD Dot Matrix Controller/Row Driver 8-79 

Section 9 — IMicrocontrollers, IMJicroperipherals, IVIemory 

ICM7170 jLiP-Compatible Real-Time Clock... 9-1 

IM4702/4712 Baud Rate Generator 9-9 

IM6402 Universal Asynchronous Receiver Transmitter (UART) ..9-16 

IM6403 Universal Asynchronous Receiver Transmitter (UART) ....i 9-16 

IM6653 4096-Bit CMOS UV EPROM 9-25 

IM6654 4096-Blt CMOS UV EPROM 9-25 

IM80C35 8-Bit CMOS Microcontroller 9-33 

IM80C39 8-Bit CMOS Microcontroller 9-33 

IM80C48 8-Blt CMOS Microcontroller 9-33 

IM80C49 8-Bit CMOS Microcontroller 9-33 

IM82C43 CMOS I/O Expander 9-45 

Section 10 — High Reiiability/IMiiitary Products and Ordering 
Information io-i 
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2N2607 P-Channel JFET General Purpose Amplifier 2-1 

2N2608 P-Channel JFET General Purpose Amplifier... ......2-1 

2N2609 P-Channel JFET General Purpose Amplifier 2-1 

2N2609JAN P-Channel JFET General Purpose Amplifier 2-1 

2N3684 N-Channel JFET Low Noise Amplifier 2-2 

2N3685 N-Channel JFET Low Noise Amplifier .......2-2 

2N3686 N-Channel JFET Low Noise Amplifier 2-2 

2N3687 N-Channel JFET Low Noise Amplifier 2-2 

2N3810/A Dual Matched PNP General Purpose Amplifier 2-3 

2N3811/A Dual Matched PNP General Purpose Amplifier 2-3 

2N3821 N-Channel JFET High Frequency Amplifier ...2-6 

2N3821JAN N-Channel JFET High Frequency Amplifier 2-5 

2N3821JTX N-Channel JFET High Frequency Amplifier 2-5 

2N3821JTXV N-Channel JFET High Frequency Amplifier... .....2-5 

2N3822 N-Channel JFET High Frequency Amplifier .2-5 

2N3822JAN N-Channel JFET High Frequency Amplifier 2-5 

2N3822JTX N-Channel JFET High Frequency Amplifier...... ...2-5 

2N3822JTXV N-Channel JFET High Frequency Amplifier.. 2-5 

2N3823 N-Channel JFET High Frequency Amplifier 2-7 

2N3823JAN N-Channel JFET High Frequency Amplifier.... 2-7 

2N3823JTX N-Channel JFET High Frequency Amplifier 2-7 

2N3823JTXV N-Channel JFET High Frequency Amplifier ; 2-7 

2N3824 N-Channel JFET Switch , 2-8 

2N3921 Dual N-Channel JFET General Purpose Amplifier 2-9 

2N3922 Dual N-Channel JFET General Purpose Amplifier - ...2-9 

2N3954 Dual N-Channel JFET General Purpose Amplifier 2-11 

2N3954A Dual N-Channel JFET General Purpose Amplifier 2-11 

2N3955 Dual N-Channel JFET General Purpose Amplifier 2-11 

2N3955A Dual N-Channel JFET General Purpose Amplifier.. 2-11 

2N3956 Dual N-Channel JFET General Purpose Amplifier....- 2-11 

2N3957 Dual N-Channel JFET General Purpose Amplifier 2-11 

2N3958 Dual N-Channel JFET General Purpose Amplifier 2-11 

2N3970 N-rChannel JFET Switch 2-13 

2N3971 N-Channel JFET Switch 2-13 

2N3972 N-Channel JFET Switch .2-13 

2N3993 P-Channel JFET General Purpose Amplifier/Switch 2-15 

2N3994 P-Channel JFET General Purpose Amplifier/Switch ^ ..2-15 

2N4044 Dielectrically Isolated Dual NPN General Purpose Amplifier 2-17 

2N4045 Dielectrically Isolated Dual NPN General Purpose Amplifier. 2-17 

2N4091 JANTX N-Channel JFET Switch 2-19 

2N4091 N-Channel JFET Switch 2-19 

2N4092 JANTX N-Channel JFET Switch 2-19 

2N4092 N-Channel JFET Switch 2-19 

2N4093 JANTX N-Channel JFET Switch 2-19 

2N4093 N-Channel JFET Switch ..2-19 

2N4100 Dielectrically Isolated Dual NPN General Purpose Amplifier 2-17 

2N4117 N-Channel JFET General Purpose Amplifier 2-21 

2N4117A N-Channel JFET General Purpose Amplifier 2-21 

2N4118 N-Channel JFET General Purpose Amplifier , 2-21 

2N4118A N-Channel JFET General Purpose Amplifier 2-21 

2N4119 N-Channel JFET General Purpose Amplifier ...2-21 

2N4119A N-Channel JFET General Purpose Amplifier .^ 2-21 

2N4220 N-Channel JFET General Purpose Amplifier/Switch ..2-22 

2N4221 N-Channel JFET General Purpose Amplifier/Switch 2-22 
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2N4222 N-Channel JFET General Purpose Amplifier/Switch 2-22 

2N4223 N-Channel JFET High Frequency Amplifier 2-23 

2N4224 N-.Channel JFET High Frequency Amplifier 2-23 

2N4338 N-Channel JFET Low Noise Amplifier : 2-24 

2N4339 N-Channel JFET Low Noise Amplifier 2-24 

2N4340 N-Channel JFET Low Noise Amplifier : 2-24 

2N4341 N-Channel JFET Low Noise Amplifier 2-24 

2N4351 N-Channel Enhancement Mode MOSFET General Purpose Amplifier/Switch 2-25 

2N4391 N-Channel JFET Switch 2-26 

2N4392 N-Channel JFET Switch 2-26 

2N4393 N-Channel JFET Switch.... 2-26 

2N4416/A N-Channel JFET High Frequency Amplifier 2-28 

2N4856 N-Channel JFET Switch.. 2-30 

2N4856JAN,JTX,JTXV N-Channel JFET Switch 2-30 

2N4857 N-Channel JFET Switch 2-30 

2N4857JAN,JTX,JTXV N-Channel JFET Switch 2-30 

2N4858 N-Channel JFET Switch 2-30 

2N4858JAN,JTX,JTXV N-Channel JFET Switch 2-30 

2N4859 N-Channel JFET Switch 2-30 

2N4860 N-Channel JFET Switch 2-30 

2N4861 N-Channel JFET Switch 2-30 

2N4867/A N-Channel JFET Low Noise Amplifier 2-32 

2N4868/A N-Channel JFET Low Noise Amplifier 2-32 

2N4869/A N-Channel JFET Low Noise Amplifier 2^32 

2N4878 Dielectrically Isolated Dual NPN General Purpose Amplifier 2-17 

2N4879 Dielectrically Isolated Dual NPN Generaf Purpose Amplifier : 2-17 

2N4880 Dielectrically Isolated Dual NPN General Purpose Amplifier 2-17 

2N5018 P-Channel JFET Switch 2-34 

2N5019 P-Channel JFET Switch 2-34 

2N5114 P-Channel JFET Switch 2-36 

2N5114JAN.JTX,JTXV P-Channel JFET Switch 2-36 

2N5115 P-Channel JFET Switch ..2-36 

2N5115JAN,JTX,JTXV P-Channel JFET Switch 2-36 

2N5116 P-Channel JFET Switch.. 2-36 

2N5116JAN,JTX,JTXV P-Channel JFET Switch .2-36 

2N5117 Dielectrically Isolated Dual PNP General Purpose Amplifier... 2-38 

2N5118 Dielectrically Isolated Dual PNP General Purpose Amplifier 2-38 

2N5119 Dielectrically Isolated Dual PNP General Purpose Amplifier 2-38 

2N5196 Dual N-Channel JFET General Purpose Amplifier 2--40 

2N5197 Dual N-Channel JFET General Purpose Amplifier..... 2-40 

2N5198 Dual N-Channel JFET General Purpose Amplifier.. 2-40 

2N5199 Dual N-Channel JFET General Purpose Amplifier 2-40 

2N5397 N-Channel JFET High Frequency Amplifier :: 2-42 

2N5398 N-Channel JFET High Frequency Amplifier 2-42 

2N5432 N-Channel JFET Switch 2-44 

2N5433 N-Channel JFET Switch 2-44 

2N5434 N-Channel JFET Switch.: .......2-44 

2N5452 Dual N-Channe! JFET General Purpose Amplifier 2-46 

2N5453 Dual N-Channel JFET General Purpose Amplifier..... 2-46 

2N5454 Dual N-Channel JFET General Purpose Amplifier 2-46 

2N6457 N-Channe! JFET General Purpose Amplifier/Switch 2-48 

2N5458 N-Channel JFET General Purpose Amplifier/Switch 2-48 

2N5459 N-Channe! JFET General Purpose Amplifier/Switch .2-48 

2N5460 P-Channel JFET Low Noise Amplifier 2-49 
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2N5461 P-Channel JFET Low Noise Amplifier..... ; 2-49 

2N5462 P-Channel JFET Low Noise Amplifier .................2-49 

2N5463 P-Ciiannei JFET Low Noise Amplifier.... ..:..,.;. .; .........2-49 

2N5464 P-Channel JFET Low Noise Amplifier : ;..; 2-49 

2N5465 P-Channel JFET Low Noise Amplifier... 2-49 

2N5484 N-Channel JFET High Frequency Amplifier .i..t...:.i... ..2-50 

2N5485 N-Channel JFET High Frequency Amplifier .2-50 

2N5486 N-Channel JFET High Frequency Amplifier 2-50 

2N5515 Dual N-Channel JFET Low Noise Amplifier 2-52 

2N5516 Dual N-Channel JFET Low Noise Amplifier.... ........v 2-52 

2N5517 Dual N-Channel JFET Low Noise Amplifier 2-52 

2N5518 Dual N-Channel JFET Low Noise Amplifier 2-52 

2N5519 Dual N-Channel JFET Low Noise Amplifier 2-52 

2N5520 Dual N-Channel JFET Low Noise Amplifier 2-52 

2N5521 Dual N-Channel JFET Low Noise Amplifier 2-52 

2N5522 Dual N-Channel JFET Low Noise Amplifier 2-52 

2N5523 Dual N-Channel JFET Low Noise Amplifier 2-52 

2N5524 Dual N-Channel JFET Low Noise Amplifier .:2-52 

2N5638 N-Channel JFET Switch ...2-54 

2N5639 N-Channel JFET Switch..... ...2-54 

2N5640 N-Channel JFET Switch 2-54 

2N5902 Dual N-Channel JFET General Purpose Amplifier 2^56 

2N5903 Dual N-Channel JFET General Purpose Amplifier 2-56 

2N5904 Dual N-Channel JFET General Purpose Amplifier.... ..........2-56 

2N5905 Dual N-Channel JFET General Purpose Amplifier ....2-56 

2N5906 Dual N-Channel JFET General Purpose Amplifier... ,..2-56 

2N5907 Dual N-Channel JFET General Purpose Amplifier ....2-^56 

2N5908 Dual N-Channel JFET General Purpose Amplifier ...................2-56 

2N5909 Dual N-Channel JFET General Purpose Amplifier 2-56 

2N5911 Dual N-Channel JFET High Frequency Amplifier .i 2-58 

2N5912 Dual N-Channel JFET High Frequency Amplifier :.2-58 

2N6483 Dual N-Channel JFET Low Noise Amplifier.... ...2-60 

2N6484 Dual N-Channel JFET Low Noise Amplifier ....:.. 2-60 

2N6485 Dual N-Channel JFET Low Noise Amplifier 2-60 

3N161 Diode Protected P-Channel Enhancement Mode MOSFET General Purpose Amplifier/ 

Switch .; .: 2-64 

3N163 P-Channel Enhancement Mode MOSFET General Purpose Amplifier/Switch 2-65 

3N164 P-Channel Enhancement Mode MOSFET General Purpose/Switch 2-65 

3N165 Dual P-Channel Enhancement Mode MOSFET General Purpose Amplifier 2-67 

3N166 Dual P-Channel Enhancement Mode MOSFET General Purpose Amplifier ,.2-67 

3N170 N-Channel Enhancement Mode MOSFET Switch 2r69 

3N171 N-Channel Enhancement Mode MOSFET Switch ...2-69 

3N172 Diode Protected P-Channel Enhancement Mode MOSFET General Purpose Amplifier/ 

Switch , 2-71 

3N173 Diode Protected P-Channel Enhancement Mode MOSFET General PCirpose Amplifier/ 

Switch .\. 2-71 

3N188 Dual P-Channel Enhancement Mode MOSFET General Purpose Amplifier. .,2-72 

3N189 Dual P-Channel Enhancement Mode MOSFET General Purpose Amplifier 2-^72 

3N190 Dual P-Channel Enhancement Mode MOSFET General Purpose Amplifier 2-72 

3N191 Dual P-Channel Enhancement Mode MOSFET General Purpose Amplifier 2-72 

AD590 2-Wire Current Output Temperature Transducer .....: ..5-1 

AD7520 10/12-Bit Multiplying D/A Converter...... , ; 6-1 

AD7521 10/12-Bit Multiplying D/A Converter ..............:... ..:. 6-1 

AD7523 8-Bit Multiplying D/A Converter ..: 6-7 
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AD7530 10/12-Bit Multiplying D/A Converter 6-1 

AD7531 10/12-Bit Multiplying D/A Converter 6-1 

AD7533 10-Bit Multiplying D/A Converter 6-11 

AD7541 12-Bit Multiplying D/A Converter 6-16 

ADC0802 8-Bit /xP-Compatible A/D Converter 6-22 

ADC0803 8-Bit /xP-Compatible A/D Converter 6-22 

ADGb804 8-Blt /iP-Compatible A/D Converter 6-22 

D123 SPST 6-Channel JFET Switch Driver 3-1 

D125 SPST 6-Channel JFET Switch Driver 3-1 

D129 4-Channel Decoded JFET Switch Driver ^ 3-6 

bG118 SPST 4-Channel Driver With Switch.. 3-8 

DG123 SPST 5-Channel Driver With Switch 3-8 

DG125 SPST 5-Channel Driver With Switch 3-8 

DG126 Dual DPST 80 Ohm JFET Analog Switch ; 3-12 

DG129 Dual DPST 30 Ohm JFET Analog Switch 3-12 

DG133 Dual SPST 30/35 Ohm JFET Analog Switch 3-12 

DG134 Dual SPST 80 Ohm JFET Analog Switch 3-12 

DG139 DPDT 30 Ohm Differentially Driven JFET Switch 3-17 

DG140 Dual DPST 10/15 Ohm JFET Analog Switch 3-12 

DG141 Dual SPST 10 Ohm JFET Analog Switch 3-12 

DG142 DPDT 80 Ohm Differentially Driven JFET Switch ..: 3-17 

DG143 SPDT 80 Ohm Differentially Driven JFET Switch 3-17 

DG144 SPDT 30 Ohm Differentially Driven JFET Switch 3-17 

DG145 DPDT 10 Ohm Differentially Driven JFET Switch : .: 3-17 

DG146 SPDT 10 Ohm Differentially Driven JFET Switch 3-17 

DG151 Dual SPST 15 Ohm JFET Analog Switch 3-12 

DG152 Dual SPST 50 Ohm JFET Analog Switch 3-12 

DG153 Dual DPST 15 Ohm JFET Analog Switch 3-12 

DG154 Dual DPST 50 Ohm JFET Analog Switch 3-12 

DG161 SPDT 15 Ohm Differentially Driven JFET Switch: ...3-17 

DG162 SPDT 50 Ohm Differentially Driven JFET Switch. 3-17 

DG163 DPDT 15 Ohm Differentially Driven JFET Switch .3-17 

DG164 DPDT 50 Ohm Differentially Driven JFET Switch .3-17 

DG180 Dual SPST 10 Ohm High-Speed Driver With JFET Switch 3-22 

DG181 Dual SPST 30 Ohm High-Speed Driver With JFET Switch 3-22 

DG182 Dual SPST 75 Ohm High-Speed Driver With JFET Switch 3-22 

DG183 Dual DPST 10 Ohm High-Speed Driver With JFET Switch...., 3-22 

DG184 Dual DPST 30 Ohm High-Speed Driver With JFET Switch..... 3-22 

DG185 Dual DPST 75 Ohm High-Speed Driver With JFET Switch 3-22 

DG186 SPDT 10 Ohm High-Speed Driver With JFET Switch .....3-22 

DG187 SPDT 30 Ohm High-Speed Driver With JFET Switch.. 3-22 

DG188 SPDT 75 Ohm High-Speed Driver With JFET Switch 3-22 

DG189 Dual SPDT 10 Ohm High-Speed Driver With JFET Switch.... 3-22 

DG190 Dual SPDT 30 Ohm High-Speed Driver With JFET Switch .....3-22 

DG191 Dual SPDT 75 Ohm High-Speed Driver With JFET Switch... 3-22 

DG200 Dual SPST CMOS Analog Switch 3-27 

DG201 Quad SPST CMOS Analog Switch : 3-32 

DG211 SPST 4-Channel Analog Switch : 3-36 

DG212 SPST 4-Channel Analog Switch 3-36 

DGM181 Dual SPST 50 Ohm High-Speed CMOS Analog Switch ' .3-39 

DGM182 Dual SPST 50/75 Ohm High-Speed CMOS Analog Switch ...3-39 

DGM184 Dual DPST 50 Ohm High-Speed CMOS Analog Switch 3-39 

DGM185 Dual DPST 50/75 Ohm High-Speed CMOS Analog Switch. 3-39 

DGM187 SPDT 50 Ohm High-Speed CMOS Analog Switch 3-39 
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DGM188 SPDT 50/75 Ohm High-Speed CMOS Analog Switch. ..., ..3--39 

DGM190 Dual SPDT 50 Ohm High-Speed CMOS Analog Switch 3-39 

DGM191 Dual SPDT 50/75 Ohm High-Speed CMOS Analog Svyltch..... 3-39 

G115 6-Channel MOSFET Switch .3-45 

G116 5 Channel MOSFET Switch 3-48 

G118 6 Channel MOSFET Switch 3-48 

G119 6 Channel MOSFET Switch ..3-48 

G123 4-Channel MOSFET Switch 3-45 

ICH8500/A Ultra Low Input-Bias Operational Amplifier 4-1 

ICH851 Power Operational Amplifier „ , 4-7 

ICH8515 Power Operational Amplifier 4-16 

ICH8520 Power Operational Amplifier 4-7 

ICH8530 Power Operational Amplifier 4-7 

ICL76XX Series Low Power CMOS Operational Amplifiers , 4-34 

ICL7104/ICL8052 12/14/16-Bit /xP-Compatible 2-Chip A/D Converter 6-157 

ICL7104/ICL8068 12/14/16-Bit juP-Compatible 2-Chip A/D Converter 6-157 

ICL7106 3 y2-Digit LCD Single-Chip A/D Converter.... 6-37 

ICL7107 3 y2-Digit LED Single-Chip A/D Converter , 6-37 

ICL7109 12-Bit juP-Compatible A/D Converter 6-48 

ICL7115 14-Bit High-Speed CMOS juP-Compatible A/D Converter 6-66 

ICL7116 3 Va-Dlgit with Display Hold Single-Chip A/D Converter... , 6-78 

ICL7117 3 Va-Digit with Display Hold Single-Chip A/D Converter ...6-78 

ICL7126 3 Va-Digit Low-Power Single-Chip A/D Converter 6-88 

ICL7129 4 Va Digit LCD Single-Chip A/D Converter Q-98 

ICL7134 14-Bit Multiplying juP-Compatible D/A Converter 6-109 

ICL7135 4 Va-Digit BCD Output A/D Converter... '. 6-121 

ICL7136 3 Va-Digit LCD Low Power A/D Converter.... 6-132 

ICL7137 3 Va-Digit LED Low Power Single-Chip A/D Converter 6-142 

ICL7605 Commutating Auto-Zero (CAZ) Instrumentation Amplifier 4-23 

ICL7606 Commutating Auto-Zero (CAD) Instrumentation Amplifier 4-23 

ICL7650 Chopper-Stabilized Operational Amplifier „.. 4-50 

ICL7652 Chopper-Stabilized Low-Noise Operational Amplifier ; 4-57 

ICL7660 CMOS Voltage Converter 5-12 

ICL7662 CMOS Voltage Converter.. 5-20 

ICL7663 CMOS Programmable Micropower Positive Voltage Regulator 5-27 

ICL7664 CMOS Programmable Micropower Negative Voltage Regulator 5-27 

ICL7665 Micropower Under/Over Voltage Detector 5-39 

ICL7667 Dual Power MOSFET Driver ....5-47 

ICL7673 Automatic Battery Back-up Switch 5-55 

ICL8007 JFET Input Operational Amplifier ...4-65 

ICL8013 Four Quadrant Analog Multiplier.... ...* 5-63 

ICL8018A 4-Bit Expandable Current Switch. .../....... ,..,. , 6-151 

ICL8019A 4-Bit Expandable Current Switch 6-151 

ICL8020A 4-Bit Expandable Current Switch 6-151 

ICL8021 Low Power Bipolar Operational Amplifier 4-69 

ICL8022 Dual Low Power Bipolar Operational Amplifier 4-69 

ICL8023 Triple Low Power Bipolar Operational Amplifier , , 4-69 

ICL8038 Precision Waveform Generator/Voltage Controlled Oscillator...... 5-72 

ICL8043 Dual JFET Input Operational Amplifier ..4-74 

ICL8048 Logarithmic Amplifier.... , , 4-82 

ICL8049 Antilog Amplifier 4-82 

ICL8063 Power Transistor Driver/ Amplifier 4-90 

ICL8069 Low Voltage Reference 5-81 

ICL8211 Programmable Voltage Detector .5-83 



Alphanumeric Index 



(Continued) 



ICL8212 Programmable Voltage Detector ..5-83 

ICM7170 iuP-Compatible Real-Time Clock 9-1 

ICM7206 CMOS Touch-Tone Encoder 7-1 

ICM7207/A CMOS Timebase Generator 7-10 

ICM7208 7-Diglt LED Display Counter :.7-15 

ICM7209 Timebase Generator ; 7-22 

ICM7211 4-Digit LCD/LED Display Driver 8-1 

ICM7212 4-Digit LCD/LED Display Driver 8-1 

ICM7213 One Second/One Minute Timebase Generator 7-25 

ICM7215 6-Digit LED Display 4-Function Stopwatch 7-30 

ICM7216A 8-Digit Multi-Function Frequency Counter/Timer 7-36 

ICM7216B 8-Diglt Multi-Function Frequency Counter/Timer 7-36 

ICM7216C 8-Digit Multi-Function Frequency Counter/Timer 7-36 

ICM7216D 8-Digit Multi-Function Frequency Counter/Timer .7-36 

ICM7217 4-Digit LED Display Programmable Up/Down Counter : 7-52 

ICM7218 8-Dlgit LED Multiplexed Display Driver 8-10 

ICM7224 4 Va-Dlgit LCD/LED Display Counter 7-67 

ICM7225 4 Va-Digit LCD/LED Display Counter.. 7-67 

1CM7226A/B 8-Digit Multi-Function Frequency Counter/Timer 7-75 

ICM7227 4-Digit LED Display Programmable Up/Down Counter ...7-52 

ICM7231 Numeric Triplexec^ LCD Display Driver 8-20 

ICM7232 Numeric Triplexed LCD Display Driver ; 8-20 

ICM7233 Alphanumeric Triplexed LCD Display Driver.... ....8-20 

ICM7234 Alphanumeric Triplexpd LCD Display Driver 8-20 

ICM7235 4-Digit Vacuum Fluorescent Display Driver 8-40 

ICM7236 4 Va-Digit Counter/Vacuum Fluorescent Display Driver .........7-88 

ICM7240 Programmable Timer 7-93 

ICM7241 Timebase Generator 7-103 

ICM7242 Long-Range Fixed Timer : 7-105 

ICM7243 8-Character LED /xP-Compatible Display Driver 8-45 

ICM7245 Stepper Motor Quartz Clock,.. , 7-111 

ICM7249 5-y2 Digit LCD M-Power Event/Hour Meter 7-115 

ICM7250 Programmable Timer , 7-93 

ICM7260 Programmable Timer 7-93 

ICM7280 Dot Matrix LCD Controller/ Row Driver , 8-54 

ICM7281 40-Column LCD Dot Matrix Display Driver ..8-69 

ICM7283 LCD Dot Matrix Controller/ Row Driver 8-79 

ICM7555 General Purpose Timer 7-123 

ICM7556 Dual General Purpose Timer 7-123 

ID100 Dual Low Leakage Diode 2-74 

ID101 Dual Low Leakage Diode 2-74 

IH311 High Speed SPST 4-Channel Analog Switch 3-52 

IH312 High Speed SPST 4-Channel Analog Switch 3-52 

IH401 QUAD Varafet Analog Switch 3-59 

IH401A QUAD Varafet Analog Switch „... .3-59 

[H5009 Quad 100 Ohm Virtual Ground Analog Switch 3-65 

IH5010 Quad 150 Ohm Virtual Ground Analog Switch 3-65 

IH5011 Quad 100 Ohm Virtual Ground Analog Switch 3-65 

iH5012 Quad 150 Ohm Virtual Grourrd Analog Switch 3-65 

IH5013 Triple 100 Ohm Virtual Ground Analog Switch .,... 3-65 

IH5014 Triple 150 Ohm Virtual Ground Analog Switch 3-65 

IH5015 Triple 100 Ohm Virtual Groung Analog Switch : 3-65 

IH5016 Triple 150 Ohm Virtual Ground Analog Switch 3-65 

IH5017 Dual 100 Ohm Virtual Ground Analog Switch 3-65 
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1H5018 Dual 150 Ohm Virtual Ground Analog Switch : ........3-65 

IH6019 Dual 100 Ohm Virtual Ground Analog Switch ........3-65 

IH5020 Dual 150 Ohm Virtual Ground Analog Switch .3-65 

IH5021 Single 100 Ohm Virtual Ground Analog Switch , 3-65 

IH5022 Single 150 Ohm Virtual Ground Analog Switch..... :..... ..3-65 

IH5023 Single 100 Ohm Virtual Ground Analog Switch ...3-65 

IH5024 Single 150 Ohm Virtual Ground Analog Switch 3-65 

IH5025 Quad 100 Ohm Positive Signal Analog Switch 3-71 

IH5026 Quad 150 Ohm Positive Signal Analog Switch 3-71 

IH5027 Quad 100 Ohm Positive Signal Analog Switch 3-71 

IH5028 Quad 150 Ohm Positive Signal Analog Switch 3-71 

IH5029 Triple 100 Ohm Positive Signal Analog Switch 3-71 

IH5030 Triple 150 Ohm Positive Signal Analog Switch.. 3-71 

IH5031 Triple 100 Ohm Positive Signal Analog Switch 3-71 

1H5032 Triple 150 Ohm Positive Signal Analog Switch : ........3-71 

IH5033 Dual 100 Ohm Positive Signal Analog Switch ....3-71 

IH5034 Dual 150 Ohm Positive Signal Analog Switch .3-71 

IH5035 Dual 100 Ohm Positive Signal Analog Switch 3-71 

IH5036 Dual 150 Ohm Positive Signal Analog Switch 3-71 

IH5037 Single 100 Ohm Positive Signal Analog Switch.. 3-71 

IH5038 Single 150 Ohm Positive Signal Analog Switch 3-71 

IH5040 SPST 75 Ohm High-level CMOS Analog Switch 3-79 

IH5041 Dual SPST 75 Ohm High-level CMOS Analog Switch. ...3-^79 

IH5042 SPDT 75 Ohm High-level CMOS Analog Switch 3-79 

IH5043 Dual SPDT 75 Ohm High-level CMOS Analog Switch ^ ..3-79 

IH5044 DPST 75 Ohm High-level CMOS Analog Switch.... 3-79 

IH5045 Dual DPST 75 Ohm High-level CMOS Analog Switch 3-79 

IH5046 DPDT 75 Ohm High-level CMOS Analog Switch 3-79 

IH5047 4PST 75 Ohm High-level CMOS Analog Switch 3-79 

IH5048 Dual SPST 35 Ohm High-level CMOS Analog Switch... , :... 3-88 

IH5049 Dual DPST 35 Ohm High-level CMOS Analog Switch .........3-88 

IH5050 SPDT 35 Ohm High-level CMOS Analog Switch ...3-88 

IH5051 Dual SPDT 35 Ohm High-level CMOS Analog Switch ...3-88 

1H5052 QUAD CMOS Analog Switch .3-93 

IH5053 QUAD CMOS Analog Switch ..3-93 

IH5108 8-Channel Fault Protected Analog Multiplexer 3-99 

IH5110 General Purpose Sample & Hold ^ : 5-94 

IH5111 General Purpose Sample & Hold ^ ...5-94 

IH5112 General Purpose Sample & Hold 5-94 

IH5113 General Purpose Sample & Hold 5-94 

IH5114 General Purpose Sample & Hold 5-94 

IH5115 General Purpose Sample & Hold ....: 5-94 

IH5116 16-Channel Fault Protected Analog Multiplexer 3-107 

IH5140 SPST High-level CMOS Analog Switch.... 3-110 

IH5141 Dual SPST High-level CMOS Analog Switch 3-110 

IH5142 SPDT High-level CMOS Analog Switch i .3-110 

IH5143 Dual SPDT High-level CMOS Analog Switch : 3-110 

IH5144 DPST High-level CMOS Analog Switch ...; : 3-110 

IH5145 Dual DPST High-level CMOS Analog Switch 3-110 

IH5148 Dual SPST High-level CMOS Analog Switch 3-119 

tH5149 Dual DPST High-level CMOS Analog Switch: :....... 3-119 

IH5150 SPDT High-level CMOS Analog Switch.. ...3-119 

IH5151 Dual SPDT High-level CMOS Analog Switch....: ......3-119 

IH5200 Dual SPST CMOS Analog Switch ..3-27 
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IH5201 Quad SPST CMOS Analog Switch : 3-32 

IH6208 4-Channel Differential Fault Protected Analog Multiplexer : 3-127 

IH5216 8-Channel Differential Fault Protected Analog Multiplexer 3-135 

IH5341 Dual SPST CMOS RF/Video Switch :......... 3-138 

IH5352 QUAD SPST CMOS RF/Video Switch 3-144 

IH6108 8-Channel CMOS Analog Multiplexer ..3-149 

IH6116 16-Channel CMOS Analog Multiplexer ; 3-155 

IH6201 Dual CMOS Driver/Voltage Translator 3-162 

IH6208 4-Channel Differential CMOS Analog Multiplexer 3-166 

IH6216 8-Channel Differential CMOS Analog Multiplexer 3-172 

IM80C35 8-Bit CMOS Microcontroller .9-33 

IM80C39 8-Bit CMOS Microcontroller 9-33 

IM80C48 8-Bit CMOS Microcontroller 9-33 

IM80C49 8-Blt CMOS Microcontroller 9-33 

IM82C43 CMOS I/O Expander 9-45 

IM4702/4712 Baud Rate Generator 9-9 

IM6402 Universal Asynchronous Receiver Transmitter (UART) 9-16 

IM6403 Universal Asynchronous Receiver Transmitter (UART) 9-16 

IM6653 4096-Bit CMOS UV EPROM 9-25 

IM6654 4096-Bit CMOS UV EPROM 9-25 

IMF6485 Dual N-Channel JFET Low Noise Amplifier 2-62 

IT100 P-Channel JFET Switch 2-76 

IT101 P-Channel JFET Switch , 2-76 

IT120 Dual NPN General Purpose Amplifier 2-77 

IT120A Dual NPN General Purpose Amplifier 2-77 

IT121 Dual NPN General Purpose Amplifier ; 2-77 

IT122 Dual NPN General Purpose Amplifier 2-77 

IT124 Dual Super-Beta NPN General Purpose Amplifier 2-79 

IT126 Dual NPN General Purpose Amplifier .2t-81 

IT127 Dual NPN General Purpose Amplifier 2-81 

IT128 Dual NPN General Purpose Amplifier 2-81 

IT129 Dual NPN General Purpose Amplifier 2-81 

IT130 Dual PNP General Purpose Amplifier 2-83 

IT130A Dual PNP General Purpose Amplifier 2-83 

IT131 Dual PNP General Purpose Amplifier 2-83 

IT132 Dual PNP General Purpose Amplifier 2-83 

IT136 Dual PNP General Purpose Amplifier 2-85 

IT137 Dual PNP General Purpose Amplifier 2-85 

IT138 Dual PNP General Purpose Amplifier 2-85 

IT139 Dual PNP General Purpose Amplifier 2-85 

IT500 Dual Cascoded N-Channel JFET General Purpose Amplifier 2-87 

IT501 Dual Cascoded N-Channel JFET General Purpose Amplifier 2-87 

IT502 Dual Cascoded N-Channel JFET General Purpose Amplifier 2-87 

IT503 Dual Cascoded N-Channel JFET General Purpose Amplifier 2-87 

IT504 Dual Cascoded N-Channel JFET General Purpose Amplifier 2-87 

IT505 Dual Cascoded N-Channel JFET General Pur'pose Amplifier ...2-87 

IT550 Dual N-Channel JFET Switch 2-90 

IT1700 P-Channel Enhancement Mode MOSFET General Purpose Amplifier ...2-92 

IT1750 N-Channel Enhancement Mode MOSFET General Purpose Amplifier/Switch 2-93 

IT5911 Dual N-Channel JFET High Frequency Amplifier 2-58 

IT5912 Dual N-Channel JFET High Frequency Amplifier 2-58 

ITE4091 N-Channel JFET Switch ....2-19 

ITE4092 N-Channel JFET Switch 2-19 

ITE4093 N-Channel JFET Switch i 2-19 
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ITE4391 N-Channel JFET Switch : 2-26 

ITE4392 N"Channel JFET Switch 2-^-26 

ITE4393 N-Channel JFET Switch ...: ..........;;...:.:.... ...........2-26 

ITE4416 N~Channel JFET High Frequency Amplifier........ .:... 2^-28 

J105 N-Channel JFET Switch .2-94 

J106 N-Channel JFET Switch 2-94 

J107 N-Channel JFET Switch 2-94 

J111 N-Channel JFET Switch 2-95 

J11 2 N-Channel JFET Switch 2-95 

J113 N-Channel JFET Switch 2-95 

J174 P-Channel JFET Switch : 2-97 

J175 P-Channel JFET Switch ....2-97 

J176 P-Channel JFET Switch 2-97 

J177 P-Channel JFET Switch ..:... .2-97 

J201 N-Channel JFET General Purpose Amplifier... ...: .......2-99 

J202 N-Channel JFET General Purpose Amplifier .....2-^99 

J203 N-Channel JFET General Purpose Amplifier 2-99 

J204 N-Channel JFET General Purpose Amplifier 2-99 

J308 N-Channel JFET High Frequency Amplifier 2-100 

J309 N-rChannel JFET High Frequency Amplifier .....2-100 

J310 N-Channel JFET High Frequency Amplifier .....2r-100 

LH2108 Dual Super-rBeta Operational Amplifier 4-99 

LH2308 Dual Super-Beta Operational Amplifier. 4-99 

LM108/A Super-Beta Operational Amplifier 4-102 

LM114/H Dual NPN General Purpose Amplifier 2-102 

LM114A/AH Dual NPN General Purpose Amplifier ...2-102 

LM308/A Super-Beta Operational Amplifier 4-102 

Ml 16 Diode Protected N-Channel Enhancement Mode MOSFET General Purpose Amplifier. 2-104 

MM450 Dual Differential High Voltage Analog Switch I......... 3-178 

MM451 Four Channel High Voltage Multiplexer.,... 3-178 

MM452 Quad SPST High Voltage Analog Switfch : 3-178 

MM455 Three SPST High Voltage Analog Switch 3-178 

MM650 Dual Differentia! High Voltage Analog Switch 3-178 

MM551 Four Channel High Voltage Multiplexer ^ 3-178 

MM552 Quad SPST High Voltage Analog Switch ., 3-178 

MM555 Three SPST High Voltage Analog Switch 3-178 

NE/SE592 Video Amplifier ...4-106 

U200 N-Channel JFET Switch 2-105 

U201 N-Channel JFET Switch 2-105 

U202 N-Channe! JFET Switch :.......... 2-105 

U231 Dual N-Channel JFET General Purpose Amplifier 2-106 

U232 Dual N-Channel JFET General Purpose Amplifier 2-106 

U233 Dual N-Channel JFET General Purpose Amplifier 2-106 

U234 Dual N-Channel JFET General Purpose Amplifier 2-106 

U235 Dual N-Channel JFET General Purpose Amplifier. 2-106 

U267 Dual N-Channel JFET High Frequency Amplifier 2-108 

U304 P-Channel JFET Switch ...:........ 2-109 

U305 P-Channel JFET Switch 2-109 

U306 P-Channe! JFET Switch 2-109 

U308 N-Channel JFET High Frequency Amplifier .2-111 

U309 N-Channel JFET High Frequency Amplifier. 2-111 

U310 N-Channel JFET High Frequency Amplifier ...: 2-111 

U401 Dual N-Channel JFET Switch ..2-113 

U402 Dual N-Channel JFET Switch .....2-113 
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U403 Dual N-Channel JFET Switch 2-113 

U404 Dual N-Channel JFET Switch 2-113 

U405 Dual N-Channel JFET Switch 2-113 

U406 Dual N-Channel JFET Switch 2-113 

U1897 N-Channel JFET Switch , 2-115 

U1898 N-Channel JFET Switch ; 2-115 

U1899 N-Channel JFET Switch 2-115 

VCR2N Voltage Controlled Resistors 2-117 

VCR3P Voltage Controlled Resistors 2-117 

VCR4N Voltage Controlled Resistors 2-117 

VCR7N Voltage Controlled Resistors 2-117 

VCR11N Voltage Controlled Resistors 2-120 
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2N4267 


3N163 


2N5114JANTXV 


2N5114JANTXV 


2N5523 


2N5523 


2SJ16 


2^N2607 


2N4268 


3N161 


2N5115 


2N5115'- 


2N5524 


2N5524 


2SJ47 




2N4302 


2N4302 


2N5115JAM 


2N5115JAN 


2N5545 


2N3954 


2SJ48 


** 


2N4303 


2N5459 


, 2N5115JANTX 


2N5115JANTX 


' 2N5546 1 


2N3955A 


2SJ49 


** 


2N4304 


2N5458 


2N5115JANTXV 


2N5115JANTXV 


2N5547 


2N3955 


2SJ50 


«* 


2N4338 


2N4338 


2N5116 


2N5116 


2N5549 


2N4093 


2SJ78 


*• 


2N4339 


2N4339 


2N5116JAN 


2N5U6JAN 


2N5555 


J310 


2SJ79 


♦* 


2N4340 


2N4340 


2N5116JANTX 


2N5116JANTX 


2N5556 


2N3685 


2SJ80 


** 


2N4341 


2N4341 


2N5116JANTXV 


2N5116JANTXV 


2N5557 


2N3684 


2SK11 


2N5457 


2N4342 


2N5461 


2N5117 


2N5117 


2N5558 ' 


2N3684 


2SK12 


2N5457 


2N4343 


2N5462 


2N5118 


2N5118 ' 


2N5561 


U401 


2SK13 


2N5457 


2N4351 


2N4351 


2N5119 


2N5119 


2N5562 


U402 


2SK132 




2N4352 


3N163 


2N5120 


IT131 


2N5563 


U404 


2SK133 


** 


2N4353 


3N172 


2N5121 


IT132 


2N5564 


IT550 


2SK134 


*• 


2N4360 


2N5460 


2N5122 


IT 132 


2N5565 


IT550 


2SK135 


*« 


2N4381 


2N2609 


2N5123 


IT131 


2N5566 


IT550 ' 


2SK15 


2N4868 


2N4382 


2N5115 


' 2N5124 


IT132 


2N5592 


2N3822 


2SK17 


2^N5484 


2N4391 


2N4391 


, 2N5125 


IT132 


2N5593 


2N3822 


2SK178 




2N4392 


2N4392 


2N5158 


2N5434 


2N5594 


2N3822 


2SK179 


•* 


2N4393 


2N4393 > 


2N5159 


2N5433 ^ 


2N5638 


2N5638 


2SK18 


2N3821 


2N4416 


2N4416 


2N5163 ^ 


2N3822 


2N5639 


2N5639 


2SK180 




2N4416A 


2N4416A 


2N5196 


2N5196 


2N5640 ■ 


2N5640 - 


2SK19 


ITE4416 


2N4417 


2N4416 


2N5197 


2N5197 


2N5647 


2N4117A 


2SK23 


2N5459 


2N4445 


2N5432 


2N5198 


2N5198 


2N5648 


2N4117A 


2SK30 


2N5458 


2N4446 


2N5434 


2N5199 


2N5199 


2N5649 


2N4117A 


2SK32 


2N3822 


2N4447 


2N5432 


2N5245 


ITE4416 


2N5653 


2N5638 


2SK33 


2N5397 


2N4448 


2N5434 


2N5246 


2N5484 


2N5654 


2N5639 * 


2SK34 


2N382? 


2N4856 


2N4856 


2N5247 


2N5486 


2N5668 


2N5484 


2SK37 


2N5484 


2N4856A 


2N4856 


2N5248 


2N5486 


2N5669 


2N5485 


2SK41 


2N5459 


2N4856JAN 


2N4856JAN 


2N5254 


IT132 


2N5670 


2N5486 


2SK42 


2N3822 


2N4856JANTX 


2N4856JANTX 


2N5255 


IT132 


2N5793 


IT 129 


2SK43 


ITE4092 


2N4856JANTXV 


2N4856JANTXV 


2N525e 


IT 130 


2N5794 


IT129 


2SK44 


ITE4416 


2N4857 


2N4857 


2N5257 


2N5457 ' 


2N5795 


IT 139 


2SK46 


2N5459 


2N4857A 


2N4857 


2N5258 


2N5458 


2N5796 


IT 139 


2SK48 


2N3821 


2N4857JAN 


2N4857JAN 


2N5259 


2N5459 ^ 


, 2N5797 


2N2608 


2SK49 


2N5484 


2N4857JANTX 


2N4857JANTX 


2N5265 


2N2607 


2N5798 


2N2608 


2SK50 


ITE4416 


2N4857JANTXV 


2N4857JANTXV 


2N5266 


2N2607 


2N5799 


2N2608 


2SK54 


2N3822 


2N4858 


2N4858 


2N5267 


2N2608 


2N5800 


2N2608 


2SK55 


2N3822 


2N4858A 


2N4858 


2N5268 


2N2608 


2N5801 


2N4393 


2SK56 


2N5459 


2N4858JAN 


2N4858JAN 


2N5269 


2N2609 


2N5802 


2N4393 


2SK61 


2N5397 


2N4858JANTX 


2N4858JANTX 


2N5270 


2N2609 


2N5803 


2N4392 


2SK65 


J201 


2N4858JANTXV 


2N4858JANTXV 


2N5277 


2N4341 


2N5843 


IT 130 


2SK66 


2N3821 


2N4859 


2N4859 


2N5278 


2N4341 


2N5844 


IT 130 


2SK68 


2N3822 


2N4859A 


2N4859 


2N5358 


2N4220 


2N5902 


2N5902 


2SK72 


2N5196 


2N4859JAN 


2N4856JAN 


2N5359 


2N4220 


2N5903 


2N5903 


3GS 


2N3821 


2N4859JANTX 


2N4856JANTX 


2N5360 


2N4221 


2N5904 


2N5904 


3N145 


3N163 


2N4860 


2N4860 


2N5361 


2N4221 


2N5905 


2N5905 


3N146 


3N163 


2N4860A 


2N4860 


2N5362 


2N4222 


2 N 5906 


2N5906 


3N147 


3N189 


2N4860JAN 


2N4857JAN 


2N5363 


2N4222 


2N5907 


2N5907 


3N148 


3N189 


2N4860JANTX 


2N4857JANTX 


2N5364 


2N4222 


2N5908 


2N5908 


3N149 


3N161 


2N4861 


2N4851 


2N5391 


2N4867A 


2N5909 


2N5909 


3N150 


3N163 


2N4861A 


2N4861 


2N5392 


2N4868A 


2N5911 


2N5911 


3N151 


3N190 


2N4861JAN 


2N4858JAN 


2N5393 


2N4869A 


2N5912 


2N5912 


3N155 


3N163 


2N4861JANTX 


2N4858JANTX 


2N5394 


2N4869A 


2 N 5949 


2N5486 


3N155A 


3N163 


2N4867 


2N4867 


2N5395 


2N4869A 


2N5950 


2N5486 


3N156 


3N163 


2N4867A 


2N4867A 


2N5396 


2N4869A 


2N5951 


2N5486 


3N156A 


3N163 


2N4868 


2N4868 


2N5397 


2N5397 


2N5952 


2N5484 


3N157 


3N163 


2N4868A 


2N4868A 


2N5398 


2N5398 


2N5953 


2N5484 


3N157A 


3N163 


2N4869 


2N4869 


2N5432 


2N5432 


2N6085 


IT122 


3N158 


3N163 


2N4869A 


2N4869A 


2N5433 


2N5433 


2N6086 


IT 122 


3N158A" ;■ 


3N163 


2N4878 


2N4878 


2N5434 


2N5434 


2N6087 


IT121 


3N160 


3N161 


2N4879 


2N4879 


2N5452 


2N5452 


2N6088 


IT121 


3N161 


3N161 


2N4880 


2N4880 


2N5453 


2N5453 


2N6089 


IT122 


3N163 


3N163 


2N4937 


iT131 


2N5454 


2N5454 


2N6090 


IT121 


3N164 


3N164 


2N4938 


ITI32 


2N5457 


2N5457 


2N6091 


IT121 


3N165 


3W165' 


2N4939 


IT132 


2N5458 


2N5458 


2N6092 


IT121 


3N166 


3N166 


2N4940 


IT132 


2N5459 


2N5459 


2N6441 


IT122 


3N167 


3N161 


2N4941 


IT131 


2N5460 


2N5460 


2N6442 


IT122 


3N168 


3N161 


2N4942 


IT132 


2N5461 


2N5461 


2N6443 


IT122 


3N169 


3N170 


2N4955 \ 


IT122 . 


2N5462 


2N5462 


2N6444 


IT122 


3N170 ' 


3N170 


2N4956 


IT122 


2N5463 


2N5463 


2N6445 


IT121 ' 


' 3N171 


3N171 


2N4977 


2N5433 


2N5464 


2N5464 


2N6446 • 


IT121 


3N172 


3m72 


2N4978 ' 


2N5433 


2N5465 


2N5465 


2N6447 ' ' 


IT121 


3N173 


3N173 


2N4979 


2N4859 


2N5471 


2N5265 


2N6448 


IT121 


3N174 


3N163 


2N5018 


2N5018 


2N5472 


2N5265 


2N6451 


U310 


3N175 


3N170 


2N5019 


2N5019 


2N5473 


2N5265 


2N6452 


U310 


3N176 


3N170 ' 


2N5020 


2N2843 


2N5474 


2N5265 


2N645a ' 


U310 


3N177 ' 


3Nr71 


2N5021 


2N2607 


2N5475 


2N5265 


2N6454 


U310 


3N178 


3N172 


2N5033 


2N5460 


2N5476 


2N5266 


2N6483 


2N6483 


3N179 


3Ni72 
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ALTERNATE 


INTERSIL 


ALTERNATE 


INTERSIL 


ALTERNATE 


INTERSIL 


ALTERNATE 


INTERSIL 


SOURCE PRODUCT 


EQUIVALENT 


SOURCE PRODUCT 


EQUIVALENT 


SOURCE PRODUCT 




SOUACE PHOOUCT 


EQUIVALENT 


3N180 


3N172 


AD7520KD 


AD7520KD 


AH0139D/883 


DG139AK/883B 


BF801 


2N4867 


3N181 


3N161 


AD7520KN 


AD7520KN 


AH0140CD 


DG140BK 


BF802 


2N4338 


3N182 


3N161 


AD7520LD 


AD7520LD 


AH0140D 


DG140AK 


BF804 


2N4338 


3N183 


3N161 


AD7520LN 


AD7520LN 


AH0140D/883 


DG140AK/883B 


8F805 


2N4869 


3N188 


3N188 


AD7520SD 


AD7520SD 


AH0141CD 


DG141BK 


BF806 


2N4869 


3N189 


3N189 


AD7520TD 


AD7520TD 


AH0141D 


DG141AK . 


BF808 


2N4868 


3N190 


3N190 


AD7520UD 


AD7520UD 


AH0141D/883 


DG141AK/883B 


BF810 


2N4858 


3N191 


3N191 


AD7521JD 


AD7521JD 


AH0142CD 


DG142BK 


BF811 


2N4858 


3N207 


3N190 


AD7521JN 


AD7521JN 


AH0142D 


DG142AK 


BF815 


2N4858 


3N208 


3N188 


AD7521KD 


AD7521KD 


AH0142D/883 


DG142AK/883B 


BF816 


2N4858 


3SK22 


2N5486 


AD7521KN 


AD7521KN 


AH0143CD 


DG143eK 


BF817 


2N4858 


3SK23 


2N5397 


AD7521LD 


AD7521LD 


AH0143D 


DG143AK 


BF818 


2N4858 


3SK28 


2N5397 


AD7521LN 


AD7521LN 


AH0143D/883 


DG143AK/883B 


BFQIO 


U401 


42T 


2N4392 


AD7521SD 


AD7521SD , 


AH0144CD 


DG144BK 


BFQU 
BFQ12 


U401 


4360TP 


2N5462 


AD7521TD 


AD7521TD 


AH0144D , 


DG144AK 


U402 


5033TP 


2N5460 


AD7521UD 


AD7521UD 


AH0144D/883 


DG144AK/883B 


BFQ13 


U403 


588U 


2N4416 


AD7523AD 


AD7523AD 


AH0145CD 


DG145BK 


BFQU 


U404 


58T 


2N5457 


AD7523BD 


AD7523BD 


AH0145D 


DG145AK 


BFQ15 


U405 


59T 


2N4416 


AD7523CD 


AD7523CD 


AH0145D/883 


DG145AK/883B 


BFQ16 


U406 


703U 


2N4220 


AD7523JN 


AD7523JN 


AH0146CD 


DG145BK 


BFQ23 


IT5912 


704U 


2N4220 


AD7523KN 


AD7523KN 


AH0146D 


DG146AK 


BFQ26 


U403 


705U 


2N4224 


AD7523LN 


AD7523LN 


AH0146D/883 


DG146AK/883B 


BFQ44 


IT5912 


707U 


2N4860 


AD7523SD 


AD7523SD 


AH0151CD 


DG151BK 


BFQ45 


IT5912 


714U 


2N3822 


AD7523TD 


AD7523TD 


AH0151D/883 


DG151AK/883B 


BFQ49A 


2N3055 


734EU 


2N4416 ' 


AD7523UD 


AD7523UD 


AH0152CD 


DG152BK 


BFQ49B 


2N3958 


734U 


2N5516 


AD7530JD 


AD7530JD 


AH0152D 


DG152AK 


BFQ49C 


2N3958 


751U 


2N4340 


AD7530JN 


AD7530JN 


AH0152D/883 


DG152AK/883B 


BFS21 


2N5199 


752U 


2N4340 


AD7530KD 


AD7530KD 


AH0153CD 


DG153BK 


BFS21A 


2N5199 


753U 


2N4341 


AD7530KN 


AD7530KN 


AH0153D 


DG153AK 


BFS67 


2N3821 


754U 


2N4340 


AD7530LD 


AD7530LD 


AH0153D/883 


DG153AK/883B 


BFS67P 


2N5459 


755U 


2N4341 


AD7530LN 


AD7530LN 


AH0154CD 


DG154BK 


BFS68 


2N3823 


756U 


2N4340 


AD7531JD 


AD7531JD 


AH0154D 


DG154AK 


BFS68P 


2N4416 


A190 


ITE4416 


AD7531JN 


AD7531JN 


■ AH0154D/883 > 


DG143AK/883B 


BFS70 


2N3821 


A191 


ITE4416 


AD7531KD 


AD7531KD 


, AH0155D 


DG151AK 


BFS71 


2K3822 


A192 


2N4416 


AD7531KN. 


AD7531KN 


AH0161CD / 


D6161BK 


8FS72 


2N3823 


A193 


2N5484 


AD7531LD 


AD7531LD 


AH0161D 


DG161AK 


BFS;3 


2N3821 


A194 


2N5484 


AD7531LN 


AD7531LN 


AH0161D/883 


DG161AK/883B 


BFS74 


2N4856 


A195 


2N5484 


AD7533AD 


AD7533AD 


AH0162CD ' 


DG162BK 


BFS75 


2N4857 


A196 


ITE4416 


AD7533BD 


AD7533BD 


AH0162D 


DG162AK 


BFS76 


2N4858 


A197 


ITE4391 


AD7533CD 


AD7533CD 


AH0162D/883B 


0G162AK/883B 


BFS77 


2N4859 


A198 


ITE4392 


AD7533JN 


AD7533JN 


AH0163CD 


DG163BK 


BFS78 


2N4860 


A199 


ITE4393 


AD7533KN 


AD7533KN 


AH0163D 


DG163AK 


BFS79, 


2N4861 


A5T3821 


2N5484 


AD7533LN 


AD7533LN 


AH0163D/883 


DG163AK/883B 


BFS80 , 


2N4416A 


A5T3822 


2N5484 


AD7533SD 


AD7533SD 


AH0164CD 


DG164BK 


BFTIO 


2N5397 


A5T3823 


2N4416 


AD7533TD 


AD7533TD 


AH0164D 


DG164AK 


BFTU 


2N5019 


A5T3824 


2N4341 


AD7533UD 


AD7533UD 


AH0164D/883 


DG164AK/883B 


BFWIO 


2N3823 


A5T5460 


2N5460 


AD7541AD 


AD7541AD 


AH5009CN 


IH5009CPD 


BFWU 


2N3822 


A5T5461 


2N5461 


AD7541BD 


AD7541BD 


AH5010CN 


IH5010CPD 


BFW12 


2N4416 


A5T5462 


2N5462 


AD7541JN 


AD7541JN 


AH5012CN 


IH5012CPE 


BFW13 


2N4867 


AD 108 


LM108 


AD7541KN 


AD7541KN 


AH5013CN ' 


IH5013CPD 


BFW39 


1T129 


AD308 


LM308 


AD7541SD 


AD7541SD 


AH5014CN 


IH5014CPD 


BFW39A 


IT 120 


AD3954 


2N3954 


AD7541TD 


AD7541TD 


AH5015CN 


IH5015CPE 


BFW54 


2N3822 


AD3954A 


2N3954A 


AD810 


2N4878 


AH5016CN 


IH5016CPE 


BFW55 


2N3822 


AD3955 


2N3955 


AD811 


2N4878 


AM5011CN 


IH5011CPE 


BFW56 


2N4860 


AD3956 


2N3956 


AD812 


2N4878 


BC264 


2N5458 


BFW61 


2N4224 


AD3958 


2N3958 


AD813 


2N4878 


BC264A 


2N5457 


BFXU 


IT132 


AD503 


AD503 


AD814 


IT 124 


BC264B 


2N5458 


BFX15 , 


IT122 


AD589 


ICL8069 


AD815 


IT 124 


BC264C 


2N5458 


BFX36 


IT131 


AD590 


AD590 


AD816 


IT120A 


BC264D 


2N4416 


BFX70 


IT122 


AD5905 


2N5905 


AD818 


IT140 


BCY87 


1T121 


BFX71 


IT122 


AD5906 ; ■ 


2rii5906 


AD820 


IT 132 


BCY88 


IT122 


BFX72 


IT122 


AD5907 


2N5907 


AD821 


IT130A 


BCY89 


IT122 


BFX78 


2N5397 


AD5908 


2N5908 


AD822 


IT130A 


BF244 


2N5486 


BFX82 


2N5019 


AD5909 


2N5909 


AD830 


2N5520 


BF244A 


2N5484 


BFX83 


2N5019 


AD7506/COM/CHIPS 


IH6116C/D 


AD831 


2N5521 


BF244B 


2N5485 


BFX99 


IT120A 


AD7506/MIL/CHIPS 


IH6116M/D 


AD832 


2N5522 


BF244C 


2N5486 


BFY20 


IT122 


AD7506JD 


IH6116CJI 


AD833 


2N5523 


. BF245 


2N5486 


BFY81 


IT122 


AD7506JD/883B 


IH6116CJI/883B 


AD833A 


2N5524 


BF245A 


2N4416 


BFY82 


IT122 


AD7506JN 


IH6116CPI 


AD835 


2N3954 


BF245B 


2N4416 


BFY83 


IT122 


AD7506KD 


IH6116CJI 


AD836 


2N3955 


BF245C 


2N4416 


BFY84 


IT122 


AD7506KD/883B 


IH6116CJI/883B 


AD837 


2N3955 


BF246 


2N5485 


BFY85 


IT122 


AD7506KN 


IH6116CPI 


. AD838 


2N3956 


BF246A . 


2N5639 


BFY86 


IT122 


AD7506SD 


IH6116MJI 


AD839 , 


2N3957 


BF246B 


2N5638 


BFY91 


IT122 


AD7506SD/883B 


IH6116MJI/883B- 


AD840 


2N5520 


BF246C . 


2N5638 


BFY92 


IT122 


AD7506TD 


IH6116MJI 


AD841 


2N5521 


BF247 


2N4091 


BN209 


IT 122 


AD7506TD/883B 


IH6116MJI/883B 


AD842 


2N5523 


BF247A 


2N4091 


BSV22 


2N4416 


AD7507/COM/CHIPS 


IH6216C/D 


AH0126CD 


DG126BK 


BF247B 


2N4091 


BSV78 


2N4856A 


AD7507/MIL/CHIPS 


IH6216M/D 


AH0126D 


DG126AK 


BF247C 


2N4091 


BSV79 


2N4857A 


AD7507JD 


IH6216CJI 


AH0126D/883 


DG126AK/883B 


BF256 


2N5484 


BSV80 


2N4858A 


AD7507JD/883B 


IH6216CJI/883B 


AH0129CD 


DG129BK 


BF256A 


2N5484 


BSX82 


2N3822 


AD7507JN 


IH6216CPI 


AH0129D 


DG129AK 


BF256B 


2N4416 


C21 


2N3821 


AD7507KD 


IH6216CJI 


AH0129D/883 


DG129AK/883B 


BF256C 


2N4416 


C2306 


2N5196 


AD7507KD/883B1 


IH6216CJI/883B 


AH0133CD , 


DG133BK 


BF320 


2N5461 


C38 


2N4338 


AD7507KN 


IH6216CPI 


AH0133D 


DG133AK 


BF320A 


2N5460 


C413N 


2N5434 , * 


AD7507SD 


IH6216M/D 


AH0133D/883 


DG133AK/883B 


BF320B 


2N5461 


C610 ; 


2N4392 


AD7507SD/883B 


IH6216MJI/883B , 


AH0134CD 


DG134BK 


BF320C 


2N5462 


C611 


2N4221 


AD7507TD 


IH6216MJI . r 


AH0134D 


DG134AK 


BF346 ^ 


ITE4392 


C612 


2N4221 


AD7507TD/883B 


IH6216MJI/883B 


AH0134D/883 


DG134AK/883B 


BF347 


J201 


C613 


2N4221 


AD7520JD 


AD7520JD 


AH0139CD 


DG139BK 


BF348 


J310 


C6i4 


2N4220 


AD7520JN 


AD7520JN 


AH0139D 


DG139AK 


BF800 


2N4867 


C615 


2N4221 
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ALTERNATE 


INTERSIL 


ALTERNATE 


INTERSIL 


ALTERNATE 


INTERSIL 


ALTERNATE 


INTERSIL 


SOURCE PRODUCT 


EQUIVALENT 


SOURCE PRODUCT 


EQUIVALENT 


SOURCE PRODUCT 


EQUIVALENT 


SOURCE PRODUCT 


EQUIVALENT 


C620 


2N4220 


D1202 


2N382i 


DG151BP 


DG151BK 


DG188BP 


DG188BK 


C621 


2N4220 


D1203 


2N4220 


DG152AL 


DG152AL 


DG189AL 


DG189AL 


C622 


2N4220 


D123AL 


D123AL 


DG152AP 


DG152AK 


DG189AP 


DG189AK 


C623 


2N4220 


D123AP 


D123AK 


DG152BP 


DG152BK 


DG189BP 


DG189BK 


C624 


2N4220 


D123BP 


D123BK 


DG153AL 


DG153AL 


DG190AL 


DGM190AL 


C625 


2N4220 


D123BP 


D123BJ 


DG153AP 


DGlbSAK 


DG190AL 


DG190AL 


C650 


2N4220 


D125AL 


D125AL 


DG153BP 


DG153BK 


DG190AP 


DGM190AK 


C651 


2N4220 


D125AP 


D125AP 


DG154AL 


DG154AL 


DG190AP 


DG190AK 


C652 


2N4220 


D125BP 


D125BK 


DG154AP 


DG154AK 


DG190BP 


DGM190CJ 


C653 


2N4220 


D129AL 


D129AL 


DG154BP ■ 


DG154BK 


DG190BP 


DGM190BK 


C6690 


2N4341 


D129AP 


D129AK 


DG161AL 


DG161AL 


DG190BP 


DG190BK 


C6691 


2N4341 


D129BP 


D129BK 


DG161AP 


DG161AK 


DG191AL 


DGM191AL 


C6692 


2N4339 


D1301 


2N4222 


DG161BP 


DG161BK 


DG191AL 


DG191AL 


C673 


2N4341 


D1302 


2N4220 


DG162AL 


DG162AL 


DG191AP 


DGM191AK 


C674 


2N4341 


D1303 


2N4220 


DG162AP 


DG162AK 


DG191AP 


DG191AK 


C680 


2N4338 


D1420 


2N4868 « 


DG162BP 


DG162BK 


DG191BP 


DGM191CJ 


C680A 


2N4338 


D1421 


2N3822 


DG163AL 


DG163AL 


DG19IBP 


DGM191BK 


C681 


2N4338 


D1422 


2N4869 


DG163AP 


DG163AK 


DG191BP 


DG191BK 


C681A 


2N4338 


D2T2218 


!T129 


DG163BP 


DG163BK 


DG200AA 


DG200AA 


C682 


2N4339 


D2T2218A 


IT 129 


DG164AL 


DG164AL 


DG200AK 


DG200AK 


C682A 


2N4339 


D2T2219 


IT129 


DG164AP 


DG164AK 


DG200AL 


DG200AL 


C683 


2N4339 


D2T2219A 


IT 129 


DG164BP 


DG164BK 


DG200AP 


DG200AK 


C683A 


2N4339 


D2T2904 


IT! 39 


DG180AA 


DG180AA 


DG200BA 


DG2008A 


C684 


2N4220 


D2T2904A 


IT139 


DG180AL 


DG180AL 


DG200BK 


DG200BK 


C684A 


2N4220 


D2T2905 


IT139 


DG180AP 


DG180AK 


DG200BP 


DG200BK 


C685 


2N4220 


D2T2905A 


IT 139 


DG180BA 


DG5 80BA 


DG200CJ 


DG200CJ 


C685A 


2N4220 


D2T918 


IT129 


DG18GBP 


DG180BK 


DG201AK 


DG201AK 


C80 


2N4338 


DA 102 


2N5196 


DG181AA 


DGM181AA 


DG201AP 


DG201AK 


C81 


2N4338 


OA402 


2N5196 


DG181AA 


DG181AA 


DG201BK 


/DG201BK 


C84 


2N4338 


DACi020LCD 


AD7520LD 


DG181AL 


DGM181AL . 


DG201CJ 


DG201CJ 


C85 


2N4338 


DAC1020LD 


AD7520UD 


DG181AL 


DG181AL 


DG210BP 


DG201BK 


C91 


2N4858 


DAC 1021 LCD 


AD7520KD 


DG181AP 


DGM181AK 


DG281AA 


IH182MTW 


C92 


2N4091 


DAC1021LD 


AD7520TD 


DG181AP 


DG181AK 


DG281AP 


iH182MJD 


C93 


2N4393 


DAC1022LCD 


AD7520JD 


DGiSlBA 


DGM181BA 


DG281BA 


IH182CTW 


C94 


2N5457 


DAC1022LD 


AD7520SD 


DG181BA 


DG181BA 


DG2818P 


IH182CJD 


C94E 


2N5457 


DAC1218LCD 


AD7541BD 


DG181BP 


DGM181CJ 


DG284AP 


IH185MJE 


C95 


2N5457 


DAC1218LCN 


AD7541LN 


DG181BP 


DGM181BK 


DG284BP 


1H185CJE 


C95E 


2N5459 


DAC1218LCN 


AD7541KN 


DG181BP 


DG181BK 


DG287AA 


IH188MTW 


C96E 


2N5484 


DAC1219LCD 


A07541A0 


DG182AA 


DGM182AA 


DG287AP 


IH188MJD 


C97E 


2N3822 


0AC1219LCN 


AD7541JN 


DG182AA 


DG182AA 


DG287BA 


IH188CTW 


C98E 


2N3822 


DAC1220LCD 


AD7521LD 


DG182AL 


DGM182AL 


DG287BP 


iH188CJD 


CA308 


LM308 


DAC1220LD 


AD7521UD 


DGI82AL 


DG182AL 


0G290AP 


iHi91MJE 


CC4445 


2N5432 


DAC 1221 LCD 


AD7521KD 


DG182AP 


DGM182AK 


DG290BP 


iH191CJE 


CC4446 


2N5434 


DAC1221LD 


AD7521TD 


DG182AP 


DG182AK 


DG381AA 


DGM182AA 


CC697 


2N4856 


DAC1222LCD 


AD7521JD 


DG182BA 


DGM182BA 


DG381AK 


DGM182AK 


CD22001H 


ICM1424C 


DAC1222LD 


AD7521SD 


DG182BA 


DG182BA 


DG38iAP 


DGM182AK 


CD22015E 


ICM7051A 


DG123AL 


DG123AL 


DG182BP 


DGM182CJ 


DG381BA 


DGM181BA 


CF2386 


2N5458 


DG123AP 


DG123AK 


DG182BP 


DGM182BK 


DG381BK 


DGM181BK 


CF24 


2N3824 


DGi23BP 


DG123BK 


DG182BP 


DG182BK 


DG381BP 


DGM181BK 


CFM 13026 


2N4858 


DGi25AL 


DG125AL 


DG183AL 


DGi83AL 


DG381CJ 


DGM181CJ 


CM600 


2N4092 


DG125AP 


DG125AK 


DG183AP 


DG183AK 


DG384AK 


DGM185AK 


CM601 


2N4091 


DG125BP 


DG125BK 


DG183BP 


DG183BK 


DG384AP 


DGM185AK 


CM602 


2N4091 


DG126AK 


DG126AK 


DG184AL 


DGM184AL 


DG384BK 


DGMi84BK 


CM603 


2N4091 


DG126AL 


DG126AL 


DG184AL 


DG184AL 


DG384BP 


DGM184BK 


CM640 


2N4093 


DG126BP 


DG126BK 


DGi84AP 


DGM184AK 


DG384CJ 


DGM184CJ 


CM641 


2N4093 


DG129AL 


DG129AL 


DG184AP 


DGi84AK 


DG387AA 


DGM188AA 


CM642 


2N4093 


DG129AP 


DG129AK 


DG184BP 


DGM184CJ 


DG387AK 


DGM188AK 


CM643 


2N4092 


DG129BP 


DG129BK 


DG184BP 


DGM1846K 


DG387AP 


DGM188AK 


CM644 


2N4092 


DG133AL 


DG133AL 


DG184BP 


DG184BK 


DG387BA 


DGM187BA 


CM645 


2N4092 


DG133AP 


DG133AK 


DG185AL 


OGM185AL 


DG387BK 


DGM187BK 


CM646 


2N4092 


DG133BP 


DG133BK 


DG185AL 


DG185AL 


DG387BP 


DGM187BK 


CM647 


2N4091 


DG134AL 


DG134AL 


DG185AP 


DGM185AK 


DG390AK 


DGM191AK 


CM650 


2N5432 


DGi34AP 


DG134AK 


DG185AP 


DGi85AK 


DG390AP 


DGM191AK 


CM651 


2N5433 


DG134BP 


DG134BK 


DG185BP 


DGM185CJ 


DG390BK 


DGM190BK 


CM652 


2N5432 


DG139AL 


DG139AL 


DG185BP 


DGM1858K 


DG390BP 


DGM190BK 


CM653 


2N5433 


DG139AP 


DG139AK 


DG185BP 


DG185BK 


DG390CJ 


DGM190CJ 


CM697 


2N5433 


DG139BP 


DG139BK 


DG186AA 


DG186AA 


DG503 


AD503 


CM800 


2N5433 


DG140AL 


DG140AL 


DG186AL 


DGi86AL 


DG5040AK 


IH5040MJE 


CM856 . 


2N5433 


DG140AP 


DG140AK 


DG186AP 


DG186AK 


DG5040AL 


IH5040MFD 


CM860 


2N4868A 


DG140BP 


DG140BK 


DG186BA 


DG186BA 


DG5040CJ 


iH5040CPE 


CMX740 


2N5432 


DG141AL 


DG141AL 


DG186BP 


DG186BK 


DG5040CK 


IH5040CJE 


CP640 


2N4091 


DG141AP 


DG141AK 


DG187AA 


DGM187AA 


DG5041AA 


IH5041MTW 


CP643 


2N5434 


DG141BP 


DG141BK 


DG187AA 


DG187AA 


DG5041AK 


IH5041MJE 


CP650 


2N5432 


0G142AL 


DG142AL 


DG187AL 


DGM187AL 


DG5041AL 


IH5041MFD 


CP651 


2N5433 


DG142AP 


DG142AK 


DG187AL 


DG187AL 


DG504iCJ 


IH5041CPE 


CP652 


2N5433 


DG142BP 


OG142BK 


DG187AP 


DGM187AK 


DG5041CK 


IH5041CJE 


CP653 


2N5433 


DG143AL 


DG143AL 


DG187AP 


DG187AK 


DG5042AA 


IH5042MTW 


DllOl 


2N3821 


DG143AP 


DG143AK 


DG187BA 


DGM187BA 


DG5042AK 


IH5042MJE 


D1102 


2N3821 


DG143BP 


DG143BK 


DG187BA 


DG187BA 


DG5042AL 


IH5042MFD 


D1103 


2N4338 


DG144AL 


DG144AL 


DG187BP 


DGMi87BK 


DG5042CJ 


IH5042CPE 


D1177 


2N3821 


DG144AP 


DG144AK 


DG187BP 


DG187BK 


DG5042CK 


IH5042CJE 


D1178 


2N3821 


DG144BP 


0G144BK 


DG188AA 


DGM188AA 


DG5043AK 


iH5043MJE 


D1179 


2N4338 ' 


DG145AL 


DG145AL 


DG188AA 


DG188AA 


DG5043AL 


IH5043MFD 


D1180 


2N3822 


DG145AP 


DG145AK 


DG188AL 


DGM188AL 


DG5043CJ 


IH5043CPE 


D1181 


2N4338 


DGi45BP 


DG145BK 


DGi88AL 


DG188AL 


DG5043CK 


IH5043CJE 


D1182 


2N4338 


DG146AL 


DG146AL 


DG188AP 


DGM188BK 


DG5044AA 


IH5044MTW 


D1183 


2N4341 


DG146AP 


DG146AK 


DG188AP 


DGM188AK 


DG5044AK 


IH5044MJE 


D1184 


2N4340 


DG146BP 


DG146BK 


DG188AP 


DG188AK 


DG5044AL 


IH5044MFD 


D1185 


2N4339 


DG151AL 


DG151AL 


0G188BA 


DGM188BA 


DG5044CJ 


IH5044CPE 


D1201 


2N4224 


DG151AP 


DG151AK 


DG188BA 


DG188BA 


DG5044CK 


IH5044CJE 
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ALTERNATE 


INTERSIL 


ALTERNATE 


INTERSIL 


ALTERNATE 


INTERSIL 


ALTERNATE 


INTERSIL 


SOURCE PRODUCT 


EQUIVALENT 


SOURCE PRODUCT 


EQUIVALENT 


SOURCE PRODUCT 


EQUIVALENT 


SOURCE PPIODUCT 


EQUIVALENT 


DG5045AK 


IH5045MJE' 


E211 


2N5397 , 


FMllll 


2N3957 


HI 1-0200-8 


DG200AK/883B 


DG5045AL 


IH 5045 MFD 


E212 


2N5397 


FMllllA 


2 N 5909 


Hll-0201 2 


DG201AK 


DG5045CJ 


IH5045CPE 


E230 


2N4867 


FM1112 


2N5196 


Hll-0201-4 


DG201BK 


DG5045CK 


IH5045CJE 


E231 


2N4868 


FM1200 


2N3954 


Hll-0201-5 


DG201BK 


DG506AR 


IH6116MJI' 


E232 


2N4869 


FM1201 , 


2N3954 


Hll-0201-8 


DG201AK/883B 


DG506BR 


IH6116CJI 


E270 


J270 


FM1202 


2N3954 


Hll-0381-2 


,DGM182AK 


DG506CJ 


IH6116CPI 


E271 


J271 


FM1203 


2N3955A 


Hll-0381-5 


DGM181BK 


DG507AR 


IH6216MJI . 


E300 


2N5397 


FM1204 ' 


2N3955 


Hll-0381-8 


DGM182AK/883B 


DG507BR 


IH6216CJI 


E304 


2N5486 


FM1205 


2N3954 


HI 1-0384-2. 


DGM185AK 


DG507CJ 


IH6216CPL 


E305 


2 N 5484 


FM1206 


2N3954 


HI 1-0384-5 


DGM184BK 


DG508AP 


IH6108MJE 


E308 


J 308 


FM1207 


2N3954 


HI 1-0384-8 


DGM185AK/883B 


DG508BP 


IH6108CJE 


E309 


J 309 


FM1208 


2N3955A 


Hll-0387-2 


DGM188AK 


DG508CJ 


IH6108CPE 


E310 


J310 


FM1209 - 


2N3955 


HI 1-0387-5 


DGM187BK 


DG509AP 


IH5208MJE 


E311 


J310 


FM1210 


2N3955A 


Hll-0387-8 


DGM188AK/883B 


DG509BP 


IH6208CJE 


E312 


2N5397 


FM1211 


IT5911 


Hll -0390-2 


DGM191AK 


DG509CJ 


IH6208CPE 


E400 


2N3955 


FM3954 


2N3954 


Hll -0390-5 


DGM190BK 


DGMIUAL • • ' 


DGlllAL 


E401 


2N3955 


FM3954A 


2N3954A 


HI 1-0390-8 


DGM191AK/883B 


DGMIUAP 


DGlllAK 


E402 


2N3957 


FM3955 


2N3955 


Hll -0506-2 


IH6116MJI 


DGMlllBP 


DGlllBK 


E410 


2N3955 


FM3955A 


2N3955A 


HI 1-0506-5 


IH6116CJI 


DN3066A 


2N3821 


E411 


IT5911 


FM3956 


2N3956 


HI 1-0506-8 


IH6116MJI/883B 


DN3067A 


2N4338 


E412 


ir5911 


FM3957 


2N3957 


HI1-0506A-2 


IH5116MJI 


DN3068A . 


2N4338 


E413 


2N5454 


FM3958 


IT5911 


HI1-0506A-5 


IH5116IJI 


DN3069A 


2N3822 


E414 


2N3956 


FP4339 


2N4339 


HI1-0506A-8 


IH5116MJI/883B 


DN3070A 


2N3821 


E415 


2N3957 


FP4340 


2N4340 


HI 1-0507-2 


IH6216MJI 


DN3071A 


2N4338 


E420 


IT5911 


FT0654A 


2 N 5486 


Hll-0507-5 


IH6216CJI 


DN3365A 


2N4220 


E421 


IT5912 


FT0654B 


2N5486 


Hll-0507-8 


IH6216MJI/883B 


DN3365B 


2N4091 ' , 


E430 


J309(X2) 


FT0654C 


2N4221 


HI1-0507A-2 


IH5216MJI 


DN3366A 


2N3686 


E431 


J310(X2) 


FT0654D 


2N4221 


HI1-0507A-5 


IH5216IJI 


DN3366B 


2N4091 


ESM25 


U401 


FT3820 


2N5460 


HI1-0507A-8 


IH5216MJI/883B 


DN3367A 


2N3687 


ESM25A 


U401 


FT3820 


2N5019 


Hll -0508-2 


IH6108MJE 


DN3367B 


2N4091 


ESM4091 


2N4091 


FT3909 


2N5019 


HI 1-0508-5 


IH6108CJE 


DN3368A 


2N4341 


ESM4092 


2N4092 


FT703 


3N161 


HI 1-0508-8 


IH6108MJE/883B 


DN3368B 


2N4221 


ESM4093 


2N4093 


FT704 


3N163 


HI1-0508A-2 


IH5108MJE 


DN3369A 


2N4339 


ESM4302 ' 


2N5457 


G115AP 


G115AK 


HI1-0508A-5 


IH5108IJE 


DN3369B 


2N4220 


ESM4303 


2N5459 


G115BP 


G115BK 


HI1-0508A-8 


IH5108MJE/883B 


DN3370A 


2N4338 ' 


ESM4304 


2N5458 


G115BP 


G115BJ 


HI 1-0509-2 


IH6208MJE 


DN3370B 


2N4338 


ESM4445 


2N5432 - 


G116AL 


G116AL 


HI 1-0509-5 


IH6208CJE 


DN3436A 


2N4341 


ESM4446 


2N5434 


G116AP 


G116AK 


Hll -0509-8 


IH6208MJE/883B 


DN3436B 


2N4222 


ESM4447 


2N5432.' 


G116BP 


G116BK 


HI1-0509A-2 


IH5208MJE 


D1S3437A 


2N4340 


ESM4448 


2N5434 


G116BP 


G116BJ 


HI1-0509A-5 


IH5208IJE 


DN3437B 


2N4220 


FE0654A 


2N4386 


G117AL 


G117AL 


HI1-0509A-8 


IH5208MJE/883B 


DN3438A 


2N4338 


FE0654B 


2N5485 


G118AL 


G118AL 


HI 1-5040-2 


IH5040MJE 


DN3438B 


2N4339 


FEIOO 


2N3821 


G118AP 


G118AK 


HI 1-5040-5 


IH5040CJE 


DN3458A 


2N4341 


FEIOOA 


2N3821 


G119AL 


G119AL 


Hll -5040-8 


IH5040MJE/883B 


DN3458B 


2N4222 


FE102 


2N4119 


G123AL 


G123AL 


Hll-5041-2 


IH5041MJE 


DN3459A 


2N4339 


FE102A 


2N4119 


G123AP 


G123AK 


Hll-5041-5 


IH5041CJE 


DN3459B 


2N4220 


FE104 


2N4118 


GET5457 


2N5457 


Hll-5041-8 


IH5041MJE/883B 


DN3460A 


2N4338 


FE104A 


2N4118 


GET5458 


2N5458 


Hll-5042-2 ' 


IH5042MJE 


DN3460B 


2N4220 


FE1600 


2N4092 


GET5459 = 


2N5459 


HI 1-5042-5 


IH5042CJE 


DNXl 


2N4338 


FE200 


2N3821 


HA2720 


ICL8021 


Hll-5042-8 


IH5142MJE/883B 


DNX2 


2N4338 


FE202 


2N3821 


HA7807 


IT132 


HI 1-5043-2 


IH5143MJE 


DNX3 


2N4338 ' 


FE204 


2N3821 


HA7809 


IT132 


HI 1-5043-5 . 


IH5143CJE 


DNX4 


2N4869 


FE300 


2N3822 


HD43871 


ICM7050H 


HI 1-5043-8 


IH5143MJE/883B 


DNX5 


2N4868 


FE302 


2N3821 


HD43871 


ICM7050G 


HI 1-5044-2 


IH5144MJE 


DNX6 


2N4338 


FE304 


2N3821 , 


HDIG1030 


3N163 


HI 1-5044-5 


IH5144CJE . 


DNX7 


2N4416 '. 


FE3819 


2N5484 


HEP80I 


2N3822 , 


HI 1-5044-8 


IH5144MJE/883B 


DNX8 


2N4416 


FE4302 


2N5457 


HEP802 


2N5484 


Hll-5045-2 


IH5145MJE 


DNX9 


2N4339 


FE4303 


2N5459 , 


HEP803 


2N5019 


Hll-5045-5 


IH5145CJE 


DS0026 


ICL7667 


FE4304 


2N5458 


HEPF0021 


2N5484 


HI 1-5045-8 


IH5145MJE/883B 


DU4339 ' 


2N5397 


FE5245 


2N4416 


HEPF1035 


J176 


HI 1-5046-2 , 


IH5046MJE 


DU4340 


2N5398 


FE5246 ' 


2N5484 


HEPF2004 


2N5484 


Hll-5046-5 


IH5046CJE 


ElOO 


2N5458 ■ 


FE5247 


2N5486 


HEPF2005 


2N5459 


HI 1-5046-8 


IH5046MJE/883B 


ElOl 


J 204 


FE5457 


2N5457 


HIO-0201,-6 


DG201C/D 


Hll-5047-2 


IH5047MJE 


E102 , ' 


2N5457 


FE5458 


2N5458 


HI0-0381r6 


DGM181C/D 


Hll-5047-5 


IH5047CJE 


E103 


2N5459 


FE5459 


2N5459 


HIO-0384-6 


DGM184C/D 


Hll-5047-8 


IH5047MJE/883B 


E105 


J105 


FE5484 


2 N 5484 


HI0-0387t6 


DGM187C/D 


Hll-5049-2 


IH5149MJE 


E106 


J 106 


FE5485 


2N5485 


H 10-0390-6 


DGM190C/D 


HI 1-5049-5 


IH5149CJE 


E107 


J107 


FE5486 


2N5486 


HI0-0506-6 


IH6116C/P 


HI 1-5049-8 


IH5149MJE/883B 


E108 


J105 


FF400 


2N5457 


HI0-0506A-6 


IH5116C/D • 


HI 1-5050-2 


IH5150MJE 


E109 


J106 


FMUOO 


2N3954A 


HIO-0507-6 


IH6216C/D 


Hll-5050-5 


IH5150CJE 


EllO ' 


J107 


FMUOOA 


2 N 5906 


HI0-0507A-6 


IH5216C/D 


HI 1-5050-8 


IH5150MJEy883B 


EUl 


Jill 


FMUOIA 


2 N 5906 


HIO-0508-6 


IH6108C/D 


Hll-5051-2 


IH5151MJE 


E1115 


ICM1115A 


FM1102 


2N3954 


HI0-0508A-6 


IH5108C/D 


Hll-5051-5 


IH5151CJE 


ElllA 


Jill 


FM1102A ' , 


2N5906 


H 10-0509-6 


IH6208C/D 


Hll-5051-8 


IH5151MJE/883B 


E112 


J112 


FM1103 


2N3955 


HI0-0509A-6 


IH5208C/D 


HI 2-0200-2 


DG200AA 


E112A 


J112 


FM1103A 


2N5908 


, H 10-5040-6 


IH5140C/D 


HI2-02O0-4 


DG200BA 


E113 


J113 


FM1104 


2N3957 


HIO-5041-6 


IH5141C/D 


HI2-0200-5 


DG200BA 


E113A 


J113 


FM1104A " 


2N5909 


H 10-5042-6 


IH5142C/D 


HI 2-0200-8 


DG200AA/883B 


E114 


J 204 


FM1105 


2N3954A 


HIO-5043-6 


IH5143C/D 


HI2-0381-2 


DGM182AA 


E1151 


ICM1115B 


FM1105A , 


IT 500 


H 10-5044-6 


IH5144C/D 


HI2-0381-5 


DGM181BA 


El 426 


ICM7050U' 


FM1106 


2N3954A 


HI0-5045-6 


IH5145C/D 


HI 2-038 1-8 


DGM181AA/883B 


E174 


J174 


FM1106A 


IT500 


H 10-5046-6 


IH5046C/D 


HI2-0387-2 


DGM188AA 


E175 


J175 


FM1107' 


2N3954 


HIO-5047-6 


IH5047C/D 


HI2-0387-5 


DGM187BA 


E176 


J176 


FM1107A 


IT500 


HIO-5049-6 


IH5149C/D 


HI2-0387-8 ,, 


DGM188AA/883B 


E177 


J177 


FM1108 


2N3955 


H 10-5050-6 


IH5150C/D 


HI3-0200-5 , 


DG200CJ ' 


E201 , 


J201 ■ , 


FM1108A 


IT502 


HIO-5051-6 


IH5051C/D 


HI3-0201-5 


DG201CJ 


E202 


J202 


FM1109 


2N3957 


HI 1-0200-2 , 


DG200AK - 


HI3-0381-5 


DGM181CJ 


E203 . V 


J 203 


FM1109A 


IT503 


H 11 -0200-4 . 


DG200BK 


HI3-0384-5 


DGM184CJ 


E204 , , 


J 204 


FMlllO ' 


2N3955 


HI 1-0200-5 


DG200BK 


HI3-0390-5 


DGM190CJ 


E210 ■ 


2N5397 


FMlllOA 


2 N 5908 


HI 1-0200-6 


DG200C/D , 


HI3-0506-5 


IH6116CPI 
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ALTERNATE 


INTERSIL 


ALTERNATE 


INTERSIL 


ALTERNATE 


INTERSIL 


ALTERNATE 


INTERSIL 


SOURCE PRODUCT 


EQUIVALENT 


SOURCE PRODUCT 


EQUIVALENT 


SOURCE PRODUCT 


EQUIVALENT 


^OURCE PRODUCT 


EQUIVALENT 


HI3-0506A-5 


IH5116CPI 


ITC4023 


IT137 


J109 


J 106 


J4393 


ITE4393 


HI3-0507-5 


IH6216CPI 


ITC4024 


IT137 


J109-18 


J106 


J4416 


ITE4416 


HI3-0507A-5 


IH5216CPI 


ITC4025 


IT137 


JUO 


J107 


J4856 


ITE4856 


HI3-0508-5 


IH6108CPE 


ITE2453 


IT 120 


JllO-18 


J107 


J4857 


ITE4857 


HI3-0508A-5 


IH5108CPE 


ITE2639 


IT 120 


Jill 


Jill 


J4858 


ITE4858 


HI3-0509-5 


IH6208CPE ' 


ITE2640 


IT122 


Jlll-18 


Jill 


J4859 


ITE4859 


HI3-0509A-5 


IH5208CPE ' 


ITE2641 


IT122 


JlllA 


Jill 


J4860 


ITE4860 


ID 100 


IDIOO 


ITE2642 


IT 120 


JlllA-18 


Jill 


J4861 


ITE4861 


IDlOl 


IDlOl 


ITE2643 


IT122 


J112 


J112 


J4867 


2N4867 


IMF3954 


2N3954 


ITF2644 


IT122 


J112-18 


J112 


J4867A 


2N4867A 


IMF39b4A 


2N3954A 


ITE2720 


IT120 


J112A 


J112 


J4867RR 


2N4867 


IMF3955 


2N3955 


ITE2721 


IT122 


J112A-18 


J112 


J4868 


2N4868 


IMF3955A 


2N3955A 


ITE2722 


IT 120 


J113 


J113 


J4868A 


2N4868A 


IMF3956 


2N3956 


ITE2903 


IT122 


J113-18 


J113 


J4868RR 


2N4868 


IMF3957 


2N3957 


ITE2913 


IT122 


J113A 


J113 


J4869 


2N4869 


IMF3958 


2N3958 


ITE2914 


IT122 


J113A-18 


J113 


J4869A 


2N4869A 


IMF5911 


IMF5911 


ITE2915 


IT 120 


J114 


2N5555 


J4869RR 


2N4869 


IMF5912 


IMF5912 


nE2916 


IT 120 


J1401 


IT501 


J5103 


2N5484 


IMF6485 


IMF6485 


ITE2917 


IT122 


J1402 


IT502 


J5104 


2N5485 


ITIOO 


ITIOO 


ITE2918 


IT 122 


J 1403 


IT503 


J5105 


2N5486 


ITIOI 


ITIOI 


ITE2919 


IT 120 


J 1404 


IT503 


J5163 


2 N 5486 


IT108 


ITE4416 


ITE2920 


IT 120 


J 1405 


IT504 


K114-18 


2N5555 


IT109 


ITE4416 


ITE2936 


IT 120 


J 1406 


IT505 


K210-18 


2N5397 


IT120 


IT 120 


ITE2937 


IT 120 


J174 


J174 


K211-18 


2N5397 


IT120A 


ni20A 


ITE2972 


IT122 


J174-18 


J174 


K212-18 


2N5397 


IT121 


IT121 


ITE2973 


IT122 


J175 


J175 


K300-18 


2N5397 


IT122 


IT 122 


ITE2974 


IT 120 


J175-18 


J175 


K304-18 


2N5486 


IT124 


IT 124 


ITE2975 


IT120 


J176 


J176 


K305-18 


2N5484 


IT126 


IT 126 


ITE2976 


IT120 


J176-18 


J176 


K308-18 


J 308 


IT127 


IT127 


ITE2977 


IT120 


J177 


J177 


K309-18 


J 309 


IT128 


IT128 


ITE2978 


IT 120 


J177-18 


J177 


K310-18 


J310 


IT 129 


IT 129 


ITE2979 


IT120 


J201 


J201 


KE3684 


2N3684 


IT 130 


IT 130 


ITE3066 


2N3685 


J201-18 


J201 


KE3685 


2N3685 


IT130A 


IT130A 


ITE3067 


2N3686 


J202 


J 202 


KE3686 


2N3686 


IT131 


IT131 


ITE3068 


2N3687 


J202-18 


J 202 


KE3687 


2N3687 


IT132 


IT132 


ITE3347 


IT 137 


J203 


J 203 


KE3823 


2N3823 


IT136 


IT136 


ITE3348 


IT138 


J203-18 


J 203 


KE3970 


ITE4391 


IT137 


IT 137 


ITE3349 


IT139 


J 204 


J 204 


KE3971 


ITE4392 


IT138 


IT 138 


ITE3350 


IT137 


J 204- 18 


J 204 


KE3972 


ITE4393 


iT139 


IT139 


ITE3351 


IT138 


J210 


2N5397 


KE4091 


ITE4091 


IT 140 


IT 140 


ITE3680 


IT120 


J211 


2N5397 


KE4092 


ITE4092 


IT 1700 


IT1700 ' 


ITE3800 


IT132 


J212 


2N5397 


KE4093 


ITE4093 


IT1701 


3N172 


ITE3802 


iri32 


J230 


2N4867 


KE4220 


2N5457 ■ 


IT1702 . 


3N163 


ITE3804 


IT130 


J231 


2N4868 


KE4221 


2N5459 


IT1750 


IT1750 ' 


ITE3806 


ITI32 


J232 


2N4869 


KE4222 


2N5459 < -' 


IT2700 


3N165 


ITE3807 


IT132 


J270 


J270 


KE4223 


J 204 


IT2701 


3N165 


ITE3808 


IT132 


J270-18 


J270 


KE4391 


ITE4391 


IT400 


2N4392 


ITE3809 


IT132 


J271 


J271 


KE4392 


ITE4392 


IT500 


IT500 


ITE3810 


IT 130 


J271-18 


J271 


KE4393 


ITE4393 


IT500P 


IT500 


ITE3811 


ITi30 


J 300 


2N5397 


KE4416 


ITE4416 


IT501 


IT501 


ITE3907 


IT120 


J304 


2N5486 


KE4856 


ITE4391 


IT501P 


iT501 


ITE3908 


IT 120 


J 305 


2N5484 


KE4857 


ITE4392 


IT502 


JT502 


ITE4017 


in 39 


J308 


J308 


KE4858 


ITE4393 


IT502P 


IT502 


!TE4018 


IT139 


J309 


J309 


KE4859 


ITE4391 


IT503 


IT503 


ITE4019 


IT139 


J310 


J310 


KE4860 


ITE4392 


IT503P 


IT503 


ITE4020 


IT139 


J315 


2N5397 


KE4861 


ITE4393 


IT504 


IT504 


ITE4021 


IT139 


J316 


U309 


KE510 


ITE4393 


IT505 


IT505 


ITE4022 


IT139 


J317 


U310 


KE5103 


J 204 


IT550 


IT550 


ITE4023 


IT137 


J3970 


ITE4391 


KE5104 


ITE4416 


IT5911 


IT5911 


ITE4024 


IT137 


J3971 


ITE4392 


KE5105 


ITE4416 


IT5912 ' 


IT5912 


ITE4025 


IT137 


J3972 


ITE4393 


KE511 


ITE4392 


ITC2972 


IT122 


ITE4091 


ITE4091 


J401 


IT501 


KH5196 


2N5196 


ITC2973 


IT122 


ITE4092 


ITE4092 


J402 


IT502 


KH5197 


2N5197 


ITC2974 


IT 120 


ITE4093 


ITE4093 


J403 


IT503 


KH5198 


2N5198 


ITC2975 


IT 120 


ITE4n7 


2N4117 


J404 


IT503 


KH5199 


2N5199 


ITC2976 


IT120 


ITE4118 


2N4118 


J405 


IT504 


KS5183 


ICM7269 


ITC2977 


IT 120 


ITE4119 


2N4119 


J406 


IT505 


KS5240B01H 


ICM7245B 


ITC2978 


IT 120 


ITE4338 


2N4338 


J4091 


ITE4091 


KS5240B01J 


ICM7245A 


ITC2979 


iT120 


ITE4339 


2N4339 


J4092 


ITE4092 


KS5240B10H 


ICM7245D 


ITC3347 


IT137 


ITE4340 


2N4340 


J4093 


ITE4093 


KS5240B12H 


ICM7245E 


ITC3348 


1 

IT138 


ITE4341 


2N4341 


J410 


IT502 


KS5240B20H 


ICM7245F 


ITC3349 


IT 139 


ITE4391 


ITE4391 


J4I1 


IT503 


KS5240U01E 


ICM7245U 


ITC3350 


IT137 


ITE4392 


ITE4392 


J412 


IT503 


LDF603 


2N4221 


ITC3351 


IT 138 


ITE4393 


ITE4393 


J420 


IT5911 


LDF604 


2N4221 


ITC3352 


IT139 


ITE4416 


ITE4416 


J421 


IT5912 


LDF605 


2N4221 


ITC3800 


IT132 


ITE4867 


2N4867 


J4220 


J 204 


LF11201D 


DG201AK 


ITC3802 


IT132 


ITE4868 


2N4868 


J4221 


J 202 


LF11201D/883 


DG201AK/883B 


ITC3804 


IT130 


ITE4869 


2N4869 


J4222 


J203 


LF11202D 


IH202MJE 


ITC3806 


IT132 


J 100 


2N5458 


J4223 


J 202 


LF11202D/883 ■ 


IH202MJE/883B 


ITC3807 


IT 132 


JlOl 


2N4338 


J4224 


J 202 


LF11508D 


IH6108MJE 


ITC3808 


IT132 


J102 


2N5457 


J430 


J309(X2) 


LF11508D/883 


IH6108MJE/883B 


ITC3809 


IT132 


J103 


2N5459 


J4302 


2N4302 


LF11509D 


IH6208MJE 


ITC3810 


IT130 


J105 


J105 


J4303 


2N5459 


LF11509D/883 


IH6208MJE/883B 


ITC3811 


IT 130 


J105 18 


J105 


J4304 


2N5458 


LF13201D 


DG201BK 


ITC4017 


IT 139 


J106 


J 106 


J431 


J310(X2) 


LF13201N 


DG201CJ 


ITC4018 


IT 139 


J106-18 


J106 


J433 


2N5457 


LF13202D 


1H202CJE 


ITC4019 


IT 139 


J107 


J107 


J4338 


2N5457 


LF13508D. 


IH6108CJE 


ITC4020 


IT 139 


J107-18 


J107 


J4339 


2N5457 


LF13508N 


IH6108CPE 


ITC4021 


IT 139 


J108 


JI05 


J4391 


ITE4391 


LF13509D 


IH6208CJE 


ITC4022 


IT 139 


J108-18 


J105 


J4392 


ITE4392 


LF13509N 


IH6208CPE 
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ALTERNATE 


/ 
INTERSIL 


ALTERNATE 


INTERSIL 


ALTERNATE 


INTERSIL 


ALTERNATE 


INTERSIL 


SOURCE PRODUCT 


EQUIVALENT 


SOURCE PRODUCT 


EQUIVALENT 


SOURCE PRODUCT 


EQUIVALENT 


SOURCE PRODUCT 


EQUIVALENT 


LH0042 


LH0042 


LTC1044 


ICL7660 


MD7003A 


IT132 


MEM807A 


3N172 


LH2108 


LH2108 


LTC1052 


ICL7650 


MD7003B 


IT 132 


MEM814 


3N161 


LH2308 


LH2308 


LTC7652 


ICL7652 


MD7004 


IT 129 


MEM816 


3N172' 


LMlOb 


LM105 


M103 


3N161 


MD7007 


IT 129 


MEM8i7 


3N172 


LM108 


LM108 


M104 


3N161 


MD7007A 


IT129 


MEM823 


MFE823, 


LM113 


ICL8069 


M106 


3N166 


MD7007B 


IT129 


MEM954 


3N188 


LM114 


IT 120 


M107 


3N189 


MD708 


IT 129 


MEM954A 


3N188 


LM114A 


1T120A 


M108 


3N191 


MD708A 


IT 129 


MEM954B 


3N188 


LM114AH 


IT120A 


M113 


3N161 


MD7088 


IT 129 


MEM955 


3N190 


LM114H 


IT120 


M114 


3N161 


MD8001 


IT 120 


MEM955A 


3N190 


LM115 


IT 120 


M116 


M116 


MD8002 


IT 120 


MEM955B 


3N190 


LMU5A 


IT120A 


M117 


2N4351 


MD8003 


IT122 


MF510 


2N4092 


LM115AH 


IT120A 


M119 


3N161 


MD918 


iT122 


MF803 


2N4338 


LM115H 


IT 120 


M163 


3N163 


MD918A 


IT122 


MF818 


2N4858 


LWI194 


IT120A 


M164 


3N164 


MD918B 


IT122 


MFE2000 


2N4416 


LM305 


LM305 ' 


M5001 


ICM7269 


MD982 


IT139 


MFE2001 


2N4416 


LM308 


LM308 


M511 


3N172 


MD984 


IT 139 


MFE2004 


2N4093 


LM394 


IT120A 


M511A 


3N172 


MEF103 


2N5457 


MFE2005 


2N4092 


LM4250 


LM4250 


M517 


3N163 


MEF104 


2N5459 


MFE2006 


2N4091 


LS3069 


2N5458 


M58434P 


ICM7038D 


MEF3069 


2N4341 


MFE2007 


2N4860 


LS3070 


2N5458 


M58435P 


ICM1115B 


MEF3070 


2N4339 


MFE2008 


2N4859 


LS3071 


2N5458 


M 584 36-00 IP 


ICM7050G 


MEF3458 


2N4341 


MFE2009 


2N4859 


LS3458 


J204 


M58437-001P 


ICM7070L 


MEF3459 


2N4339 


MFE2010 


2N4859 


LS3459 


J 204 


MA7807 


IT132 


MEF3460 


2N4338 


MFE2011 


2N5433 


LS3460 


J204 


MA7809 


IT132 


MEF3684 


2N3684 


MFE2012 


2N5434 


LS3684 


2N3684 


MAT-OIAH ' 


IT 140 


MEF3685 


2N3685 


MFE2012 


2N5433 


LS3685 


2N3685 


MATOIFH 


IT 140 


MEF3686 


2N3686 


MFE2093 


2N4338 


LS3686 


2N3686 


MAT-OIGH 


IT 140 


MEF3687 


2N3687 ■ 


MFE2094 


2N4339 


LS3687 


2N3687 


MAT -01 H 


IT 140 


MEF3821 


2N3821 


MFE2095 


2N4340 


LS3819 


2N5484 


MBlOl 


ICM7245B 


MEF3822 


2N3822 


MFE2133 


2N4860 


LS3821 


2N5457 


MB103 


ICM7245E 


MEF3823 


2N3823 


MFE2912 


2N5433 


LS3822 


2N5458 


MB105 


ICM7245U 


MEF3954 


2N3954 


MFE3002 


3N170 


LS3823 


2N5458 


MB107 


ICM7245D 


MEF3955 


2N3955 


MFE3003 


3N164 


LS3921 


2N3921 


MB108 


ICM7245E 


MFF3956 


2N3956 


MFE3020 


3N166 


LS3922 


2N3922 


MB] 43 


ICM7245A 


MEF3957 


2N3957 


MFE3021 


3Ni66 


LS3966 


ITE4416 


MB 144 


ICM7245F 


MEF3958 


2N3958 


MFE4007 


2N3686 


LS3967 


ITE44J6 


MB510 


ICM1115B 


MEF4223 


2N4223 


MFE4008 


2N3686 


LS3968 


ITE4416 


MB511 


ICM7050H 


MEF4224 


2N4224 


MFE4009 


2N3685 


LS3969 


ITE4416 


MB512 


ICM7050H 


MEF4391 


iTE4391 


MFE4010 


2N2608 


LS4220 


J 204 


MB513 


ICM7050G 


MEF4392 


ITE4392 


MFE4011 


2N2608 


LS4221 


J202 


MB521 


ITS9068 


MEF4393 


1TE4393 


MFE4012 


2N2609 


LS4222 


J203 


MB522 


ITS9068 


MEF4416 


ITE4416 


MFE823 


IT 1700 


LS4223 


J202 


MB531 


ICM7050H 


MEF4856 


2N4856 


MHW590 


AD590 


LS4224 


J202 


MB533 


ICM7050H 


MEF48b7 


2N4857 


MJ41 


ICM1424C 


LS4338 


2N5457 


MB541 


ICM7052 


,MEF4858 


2N4858 


MJ6 


ICM7220 


LS4339 


2N5457 


MB542 ' 


ICM7052 


MEF4859 


2N4859 


MKIO 


2N44i6 


IS4340 


2N5457 


MB7B 


ICM7245U 


MEF4860 


2N4860 


MM450H 


MM450H 


LS4341 


2N5458 


MCC14440 


ICM1424C 


MEF4861 


2N4861 


MM451H 


MM451H 


LS4391 


ITE4391 


MCC 14483 


ICM7210 


MEF5103 


ITE4416 


MM452D 


MM452J 


LS4392 


ITE4392 


MD1120 


IT122 


MEF5104 


ITE4416 


MM452F 


MM452F 


LS4393 


ITE4393 


MD1121 


IT122 


MEF5105 


ITE4416 


MM455H 


MM455H 


LS4416 


ITE4416 


MD1122 


IT122 


MEF5245 


ITE4416 


MM550H 


MM550H 


LS4856 


ITE4091 


MD1123 


IT 139 


MEF5246 


2N5484 


MM551H 


MM551H 


LS4857 


ITE4092 


MD1129 


IT 129 


MEF5247 


2N5486 


MM552D 


MM552J 


LS4858 


ITE4093 


MD1130 


IT139 


MEF5248 


2N5486 


MM552F 


MM552F 


LS4859 


ITE4091 


MD2218 


IT129 


MEF5284 


2N5484 


MM555H 


MM555H 


LS4860 


ITE4092 


MD2218A 


IT 129 


MEF5285 


2N5485 


MMFl 


2N519; 


LS4861 


ITE4093 


MD2219 


IT 129 


MEF5286 


2N5486 


MMF2 


2N3921 


LS5103 


2N5484 


MD2219A 


iT129 


MEF5561 


U401 


MMF3 


2N5198 


LS5104 


2N5485 


MD2369 


IT129 


MEF5562 


U402 


MMF4 


2N3922 


LS5105 


2N5486 


MD2369A 


IT129 


MEF5563 


U403 


MMF5 


2N5199 


LS5245 


ITE4416 


MD2369B 


IT122 


MEM511 


3N172 


MMF6 


2N3955A 


LS5246 


2N5484 


MD2904 


IT 139 


MEM511A 


3N172 


MMT3823 


2N3823 


LS5247 


2N5486 


MD2904A 


IT 139 


MEMSnC 


3N172 


MN6091 


ICM7038B 


LS5248 


2N5486 


MD2905 


IT 139 


MEM517 


3N172 


MN6092A 


ICM7038E 


LS5358 


J204 


MD2905A 


ni39 


MEM517A 


3N172 


MN6093 


ICM7051A 


LS5359 


J 204 


MD2974 


IT 120 


MEM517B 


3N172 


MN6252 


ICM7050G 


LS5360 


J 202 


MD2975 


IT 120 


MEM517C 


3N172 


MP301 


IT 124 


LS5361 


J 202 


MD2978 


IT 120 


MEM550 


3N189 


MP302 


IT 124 


LS5362 


J203 


MD2979 


IT120 


MEM550C 


3N189 


MP303 


IT124 


LS5363 


J203 


MD3008 


IT120 


MEM550F 


3N189 


MP310 


2N4045 


LS5364 


J203 


MD3250 


IT 132 


MEM551 


3N190 


MP311 


2N4045 


LS5391 


2N4867A 


MD3250A 


IT131 


MEM551C 


3N189 


MP312 


2N4044 


LS5392 




MD3251 


IT132 


MEM556 


3N172 


MP313 


ITJ24 


LS5393 


2N4869A 


MD3251A 


IT131 , 


MEM556C 


3N172 


MP318 


iT120A 


LS5394 


2N4869A 


MD3409 


IT129 


MEM560 


3N161 


MP350 


IT132 


LS5395 


2N4B69A 


MD3410 


IT 129 


MEM560C 


3N161 


MP351 


IT 130 


LS5396 


2N4869A 


MD3467 


IT 139 


MEM561 


3N163 


MP352 


IT 130 


LS5457 


2N5457 


MD3725 


IT129 


MEM561C 


3N163 


MP358 


IT130A 


LS5458 


2N5458 


MD3762 


IT 139 


MEM562 


2N4351 


MP360 


11132 


LS5459 


2N5459 


MD4957 


IT132 


MEM562C 


2N4351 


MP361 


IT130A 


LS5484 


2N5484 


M05000 


IT132 


MEM563 


2N4351 


MP362 


tT130A 


LS5485 


2N5485 


M05000A 


IT 132 


MEM563C 


2N4351 


MP3954 


2N3954 


LS5486 


2N5486 


MD5000B 


IT132 


MEM711 


M116 


MP395M 


2N3954A 


LS5556 


2N3685 


MD7000 


IT 129 


MEM712 


M116 


MP3955 


2N3955 


LS5557 


2N3684 


MD7001 


IT 139 


MEM712A 


M116 


MP3956 


2N3956 


LS5558 


2N3684 


MD7002 


fT122 


MEM713 


3N170 


MP3957 


2N3957 


LS5638 


2N5638 


MD7002A 


IT 122 


MEM806 


3N163 


MP3958 


2N3958 


LS5639 


2N5639 


MD7002B 


IT122 


MEM806A 


3N163 


MP5905 


2N5905 


LS5640 


2N5640 


MD7003 


IT 132 


MEM807 


3N172 


MP5906 


2N5906 
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ALTERNATE 


INTERSIL 


ALTERNATE 


INTERSIL 


ALTERNATE 


INTERSIL 


ALTERNATE 


INTERSIL 


SOURCE PRODUCT 


EQUIVALENT 


SOURCE PRODUCT 


EQUIVALENT 


SOURCE PRODUCT 


EQUIVALENT 


SOURCE PRODUCT 


EQUIVALENT 


MP5907 


2N5907 


NF4303 


2N5459 


PF511 


2N5114 


SG305 


LM305 


MP5908 


2N5908 


NF4304 


2N5458 


PF5301 


2N4118A 


SG308 


LM308 


MP5909 


2N5909 


NF4445 


2N5432 


PF5301-1 


2N4117A 


SG4250 


LM4250 


MP5911 


2N5911 


NF4446 


2N5433 


PF5301-2 


2N4118A 


SG733 


UA733 


MP5912 


2N5912 


NF4447 


2N5433 


PF5301-3 


2N4118A 


SI7135CPI 


ICL7135CPI 


MP7520JD 


AD7520JD 


NF4448 


2N5433 


PL1091 


2N3823 


SI7660 


ICL7660 


MP7520JN 


AD7520JN 


NF500 


2N4224 


PL1092 


2N3823 


SI7661 


ICL7662 


MP7520KD 


AD7520KD 


NF501 


2N4224 


PL 1093 


2N3823 


SJM181BCC 


JM38510/11101BCC 


MP7520KN 


AD7520KN 


NF506 


2N4416 


PL 1094 


2N3823 


SJM181BIC 


JM38510/11101BIC 


MP7520LD 


AD7520LD 


NF5101 


2N4867 


PM308 


LM308 


SJM182BCC 


JM38510/11102BCC 


MP7520LN 


AD7520LN 


NF5102 


2N4867 


PN3684 


2N3684 


SJM182BIC 


JM38510/11102BIC 


MP7520SD 


AD7520SD 


NF5103 


2N4867 


PN3685 


2N3685 


SJM184BEC 


JM38510/11103BEC 


MP7520TD 


AD7&20TD 
AD7520UD 


NF511 


2N4860 


PN3686 


2N3686 


SJM185BEC 


JM38510/11104BEC 


MP7520UD 


NF5163 


2N4341 


PN3687 


2N3687 


SJM187BCC 


JM38510/11105BCC 


MP7b21JD 


AD7521JD 


NF520 


2N3684 


PN4091 


ITE4091 


SJM187BIC 


JM38510/11105BIC 


MP7521JN 


AD7521JN 


NF521 


2N3685 


PN4092 


!TE4092 


SJM188BCC 


JM38510/11106BCC 


MP7521KD 


A07521KD 


NF522 


2N3686 


PN4093 


ITE4093 


SJM188BIC 


JM38510/11106BIC 


MP7521KN 


AD7521KN 


NF523 


2N3865 


PN4220 


J 204 


SJM190BEC 


JM38510/11107BEC 


MP752ILD 


AD7521LD 


NF530 


2N4341 


PN4221 


J 202 


SJM191BEC 


JM38510/11108BEC 


MP752iLN 


AD7521LN 


NF5301 


2N4118A 


PN4222 


J 203 


SL301AT 


IT129 


MP752ISD 


AD7521SD 


NFE)301-i 


2N4117A 


PN4223 


J 204 


SL301BT 


IT 129 


MP7521TD 


AD7521TD 


NF5301-2 


2N4n8A 


PN4224 


J202 


SL301CT 


IT 129 


MP7521UD 


AD7521UD 


Nr5301-3 


2N4118A 


PN4342 


2N5461 


SL301ET 


IT 129 


MP7523JN 


AD7523JN 


NF531 


2N4339 


PN4360 


2N5460 


SL360C 


IT 129 


MP7523KN 


AD7523KN 


NF532 


2N4341 


PN4391 


ITE4391 


SL362C 


IT 129 


MP7523LN 


AD7523LN 


NF533 


2N4339 


PN4392 


ITE4392 


SM5011 


ICM7050G 


MP7621AD 


AD7541AD 


NF5457 


2N545; 


PN4416 


ITE4416 


SM5510 


ICM1115B 


MP7621BD 


AD7541BD 


NF5458 


2N5458 


PN4856 


2N4856 


SM5530B 


ICM7070P 


MP7621JN 


AD7541JN 


NF5459 


2N5459 


PN4857 


2N4857 


SU2000 


2N4340 


MP7621KN 


AD7541KN 


NF5484 


2N5484 


PN4858 


2N4858 


SU2020 


2N3954 


MP7621SD 


AD7541SD 


NF5485 


2N5485 


PN4859 


2N4859 


SU2021 


2N3954 


MP7621TD 


AD7541TD 


NF5486 


2N5486 


PN4860 


2N4860 


SU2022 


2N3954 


MP804 


2N5520 


NF5555 


2N5484 


PN4861 


2N4861 


SU2023 


2N3954 


MP830 


2N5520 


NF5638 


2 N 5638 


PN5033 


2N5460 


SU2024 


2N3954 


MP831 


2N5521 


NF5639 


2N5639 


PTC151 


2N5484 


SU2025 


2N3954 


MP832 


2N5522 


NF5640 


2N5640 


PTC 152 


2N5485 


SU2026 


2N3954 


MP833 


2N5523 


NF5653 


2N4860 


S1424 


ICM1424C 


SU2027 


2N3954 


MP835 


2N3954 


NF5654 


2N4861 


SA2253 


IT122 


SU2028 


2N3954 


MP836 


2N3955 


NF580 


2N5432 


SA2254 


IT122 


SU2029 


2N5197 


MP837 


2N3955 


NF581 


2N5432 


SA2255 


IT122 


SU2029 


2N3954 


MP838 


2N3956 


NF582 


2N5433 


SA2644 


IT 120 


SU2030 


2N3955 


MP839 


2N3957 


NF583 


2N5434 


SA2648 


IT 120 


SU2030 


2N3954 


MP840 


2N5520 


NF584 


2N5433 


SA2710 


1T120 


SU2031 


2N5198 


MP841 


2N5521 


NF585 


2N4859 


SA2711 


IT 120 


SU2031 


2N3954 


MP842 


2N5523 


NF6451 


U310 


SA2712 


IT121 


SU2032 


2N3954 


MPF102 


2N5486 


NF6452 


U310 


SA2713 


IT121 


SU2033 


2N3954 


MPF103 


2N5457 


NF6453 


U310 


SA2714 


IT122 


SU2034 


2N3955 


MPF104 


2N5458 


NF6454 


U310 


SA2715 


IT120 


SU2034 


2N3954 


MPF105 


2N5459 


NKT80111 


2N4220 


SA2716 


IT 120 


SU2035 


2N3955 


MPF106 


2N5485 


NKT80U2 


2N4220 


SA2717 


IT121 


SU2035 


2N3954 


MPF107 


2N5486 


NKr80113 


2N3821 


SA2718 


IT122 


SU2074 


2N3954 


MPF108 


2N5486 


NKT80211 


2N4339 


SA2719 


IT 120 


SU2075 


2N3954 


MPF109 


2N5484 


NKT80212 


2N4339 


SA2720 


IT121 


SU2076 


2N3954 


MPFUi 


2N5458 


NKT80213 


2N4339 


SA2721 


IT122 


SU2077 


2N3955 


MPFn2 


2N5458 


NKT80214 


2N4339 


SA2722 


IT 120 


SU2077 


2N3954 


MPF161 


2N5398 


NKT80215 


2N4339 


SA2723 


IT121 


SU2078 


2N3955 


MPF208 


2N3821 


NKT80216 


2N4339 


SA2724 


IT122 


SU2079 


2N3955 


MPF209 


2N3821 


NKT80421 


2N4220 


SA2726 


IT122 


SU2080 


U404 


MPF256 


ITt4416 


NKT80422 


2N4220 


SA2727 


IT122 


SU2081 


U404 


MPF4391 


ITE4391 


NKT80423 


2N4220 


SA2738 


tT120A 


SU2098 


2N5197 


MPF4392 


ITE4392 


NKT80424 


2N4220 


SA2739 ■ 


IT 120 


SU2098A 


2N5197 


MPF4393 


ITE4393 


NPC108 


2N5484 


SCL54301 


ICM1424C 


SU2098B 


2N5196 


MPr820 


J310 


NPC211N 


2N4338 


SCL5478 


ICM7269 


SU2099 


2N5197 


MPF97^ , 


J175 


NPC212N 


2N4338 


SDFlOOl 


2N5432 


SU2099A 


2N5197 


MPF971 


J175 


NPC213N 


2N4338 


SDF1002 


2N5433 


SU2365 


2N3954 


MPS5010 


ICL8069 


NPC214N 


2N4339 


SDF1003 


2N5434 


SU2365A 


2N3954 


MSM5001 


ICM7269 


NPC215N 


2N4339 


SDF500 


2N5520 


SU2366 


2N3955 


MSM50U 


ICM1424C 


NPC216N 


2N4339 


SDF501 


2N5520 


SU2366A 


2N3955 


MSM5977 


ICM1424C 


NPD5564 


IT550 


SDF502 


2N5520 


SU2367 


2N3955 


MTFlOl 


2N5484 


NPD5565 


IT550 


SDF503 


2N5520 


SU2367A 


2N3955 


MTF102 


2N5484 


NPD5566 


IT550 


SDF504 


2N5520 


SU2368 


2N3956 


MTF103 


2N5457 


NPD8301 


2N3954 


SDF505 


2N5520 


SU2368A 


2N3956 


MTF104 


2N5459 


NPD8302 


2N3955 


SDF506 


2N5520 


SU2369 


2N3957 


ND5700 


IT120A 


NPD8303 


2N3956 


SDF507 


2N5520 


SU2369A 


2N3957 


ND5701 


IT120A 


0T3 


2N4338 


SDF508 , 


2N5520 


SU2410 


2N5907 


ND5702 


IT 120 


PI 004 


2N5116 


SDF509 


2N5520 


SU2411 


2N5908 


NDF9401 


IT500 


PI 005 


2N5115 


SDF510 


2N3954 ' 


SU2412 


2N5909 


NDF9402 


IT501 


P1027 


2N5267 


SDF512 


2N3954 


SU2652 


U401 


NDF9403 


IT502 


PI 028 


2N5270 


SDF513 


2N3954 


SU2652M 


U401 


N0F9404 


IT503 


PI 029 


2N5270 


SDF514 


2N3954 


SU2653 


U401 


NDF9405 


IT504 


P1069E 


2N2609 


SDF661 


IT122 


SU2653M 


U401 


NDF9406 


IT500 


P1086E 


2N5115 


SDF662 


IT122 


SU2654 


U401 


NDF9407 


IT501 


P1087E 


2N5516 


SDF663 


IT122 


SU2654M 


U401 


NDF9408 


IT502 


P1117E 


2N5640 


SES3819 


2N5484 


SU2655 


U402 


NDF9409 


IT503 


P1U8E 


2N5641 


SFT601 


2N4338 


SU2655M 


U402 


NDF9410 


IT504 


P1119E 


2N5640 


SFT602 


2N4338 


SU2656 


U404 


NE590 


AD590 


PF510 


2N5115 


SFT603 


2N4339 


SU2656M 


U404 


NE592 


NE592 


PF5101 


2N4867 


SFT604 


2N4339 


SX3819 


2N5484 


NF38i9 


2 N 5484 


PF5102 


2N4867 


SGI 05 


LM105 


SX3820 


2N2608 


NF4302 


2N5457 


PF5103 


2N4867 


SGI 08 


LM108 


TC8031P 


ICM7038A 
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ALTERI^ATE 


INTERSIL 


ALTERNATE 


INTERSIL 


ALTERNATE 


Intersil 
equivalent 


ALTERNATE 


, ' INTERSIL , 


SOURCE PRODUCT 


EQUIVALENT 


SOURCE PRODUCT 


EQUIVALENT 


SOURCE PRODUCT 


SOURCE PRODUCT 


EQUIVALENT 


TC8032P 


ICM7038F 


TD710 


IT 122 


U112 


2N2608 


U285 


2N5454 


TC8051P 


ICM7038B 


TD711 


IT122 


U113 


2N2608 


U290 


2N5432 


TC8052P 


ICM7038E 


TD713 


IT122 


U114 


2N2608 


U291 


2N5434 ^ 


TC8056PA 


ICM1115B 


TIS14 


2N4340 


U1177 


2N4220 


U295 


2N5432 


TC8057P 


ICM7038D 


TIS25 


2N3954 


U1178 


2N3821 


U296 


2N5434 


TDIOO 


IT 129 


TIS26 


2N3954 


U1179 


2N3821 


U300 


2N5114 


TDlOl 


IT 129 


TIS27 


2N3955 


U1180 


2N4221 


U3000 


2N4341 


TD102 


IT129 


TIS34 


2N5486 


U1181 


2N4220 


U3001 


2N4339 


TD200 


IT 129 


TIS41 


2N4859 


U1182 


2N3821 


U300^ 


2N4338 


TD201 


IT 129 


TIS42 


2N4393 


U1277 


2N3684 


U301 


?N5115 


TD202 , 


IT129 


TIS58 


2N5484 


U1278 


2N3685 


U3010 


2N4341 


TD2219 


IT 129 


TIS59 


2N5486 


U1279 


2N3686 


U3011 


2N4340 


TD224 


IT122 


TIS68 


2N3955A 


U1280 


2N3684 


U3012 


2N4338 


TD225 


IT122 


TIS69 


2N3955A 


U1281 


2N3822 


U304 


U304 


TD226 


IT122 


TIS70 


2N3956 


U1282 


2N4341 


U305 


U305 


TD227 


IT122 


TIS73 


ITE4391 


U1283 


2N4340 


U306 


U306 


TD228 


IT122 


TIS74 


ITE4392 


U1284 


2N4341 


U308 


U308 


TD229 


IT122 


TIS75 


ITE4393 


U1285 


2N4220 


U309 


U309 


TD230 


IT121 


TIS88 


2N4416 


U1286 


2N4341 


U310 


U310 


TD231 


IT121 


TIS88A 


2N4416 


U1287 


2N4092 


U311 


U310 


TD232 


IT122 


TIXS33 


2N4392 


U1321 


2N4860 


U312 


2N5397 


TD233 


IT122 


TIXS35 


2N4857 


U1322 


2N3822 


U314 


2N5555 


TD234 


IT 122 


TIXS36 


2N4391 


U1323 


2N3822 


U315 


2N5397 


TD235 


IT122 


TIXS41 


2N4859 


U1324 


2N3687 


U316 


U309 


TD236 


IT122 


TIXS42 


2N5639 


U1325 


2N3686 


U317 


U310 


TD237 


IT122 


TIXS59 


2N5459 


U133 


2 N 2608 


U320 


2N5433 


TD238 


IT122 


TIXS78 


2N4341 


U1420 


2N3821 


U321 


2N5434 


TD239 


IT 122 


TIXS79 


2N4341 , 


U1421 


2N3822 


U322 


2N5433. 


TD240 


IT121 


TL182CL 


DGM182BA 


U1422 


2N3822 


U328 




TD241 


IT121 


TL182CN 


DGM182CJ 


U146 


2N2608 


U329 


** 


TD242 


IT120A 


TL182IL 


DGM182BA 


U147 


2N2608 • 


U330 


*« 


TD243 


IT120A 


TL182IN 


DGM182CJ 


U148 


2N2608 


U331 


«« 


TD244 


IT 129 


TL182ML 


DGM182AA 


U149 


2N2609 


U350 


«* 


TD245 


IT129 


TL185CJ 


IH5045CJE 


U168 


2 N 2609 


U401 


U401 


TD246 


IT 129 


TL185CN 


IH5045CPE 


U1714 


2N4340 


U402 


U402 


TD247 


IT 129 


TL185IJ 


IH5045CJE 


U1715 


2N4340 


U403 


U403 


TD248 


IT129 


TL185IN 


IH5045CPE 


U182 


2N4857 


U404 


U404 


TD250 


IT120A 


TL185MJ 


IH5045MJE 


U183 


2N3824 


U405 


U405 


TD2905 


IT 139 


TL188CL 


IH5042CTW 


U1837E 


2 N 5486 


U406 


U406 


TD400 


IT 139 


TL188CN 


1H5042CPE 


U184 


2N5397 


U410 


2N3955 


TD401 


IT139 


TL188IL 


IH5042CTW 


U1897E 


LI 1897 


U411 


2N3956 


TD402 


IT 139 


TL188IN 


IH5042CPE 


U1898E 


U1898 


U412 


2N3958 


TD500 


IT139 


TL188ML 


IH5042MTW 


U1899E 


U1899 


U421 


2N5908 


TD501 


IT 139 


TL191CJ 


IH5043CJE 


U197 


2N4338 


U422 


2N5908 


TD502 


IT 139 


TL191CN 


1H5043CPE 


U198 


2N4340 


U423 


2N5909 


TD509 


IT132 


TL191IJ 


IH5043CJE 


U199 


2N4341 


U424 


2N5908 


TD510 


IT132 


TL191IN 


IH5043CPE 


U1994E 


2N4416 


U425 


2 N 5908 


TD5n 


IT132 


TL191MJ 


IH5043MJE 


U200 


2N4861 . 


U426 


2 N 5909 


TD512 


IT 132 


TL503 


AD503 


U201 


2N4860 


U430 


J309(X2) 


TD513 


IT 132 


TL592 


NE592 


U202 


2N4859 


U431 


J310(X2) 


TD514 


IT132 


TLC555 


1CM7555 


U2047E 


2N4416 


U440 


IT5911 


TD517 


IT132 


TN4117 


2N4117 


U221 


2N4391 


U441 


IT5912 


TD518 


IT 132 


TN4117A 


2N4117A 


U222 


2N4391 


UA105 


LM105 


TD519 


IT132 


TN4118 


2N4118 


U231 


U231 


UA108 


LM108 


TD520 


IT139 


TN4118A 


2N4118A 


U232 


U232 


UA305 


LM305 


TD521 


IT 139 


TN4119 


2N4119 


U233 


U233 . 


UA308 


LM308 


TD522 


IT139 


TN4119A 


2N4119A 


U234 


U234 


UA733 


UA733 


TD523 


IT139 


TN4338 


2N4338 


U235 


U235 


UCIOO 


2 N 3684 


TD524 


IT 139 


TN4339 


2N4339 


U240 


2N5432 


UCllO 


2N3685 


TD525 


IT132 


TN4340 


2N4340 


U241 


2N5433 


UC115 


2N4340 


TD526 


IT132 


TN4341 


2N4341 


U242 


2N5432 


UC120 


2N3686 


TD527 


IT131 


TN5277 


2N4341 


U243 


2N5433 


UC130 


2N3687 


TD528 


IT131 


TN5278 


2N4341 


U244 


2N5433 


UC155 


2N4416 


TD5432 


2N5432 


TP5114 


2N5114 


U248 


2N5902 


UC1700 


3N163 


TD5433 


2N5433 


TP5115 


2N5115 


U248A 


2N5906 


UC1764 


3N163 


TD5434 


2N5434 , , 


TP5116 


2N5116 


U249 


2N5903 


UC20 


2N3686 


TD550 


IT129 


TSC426 


ICL7667 


U249A 


2N5907 


UC200 


2N3824 


TD5902 


2N5902 


TSC7106CJL 


ICL7106CJL 


U250 


2N5904 


UC201 


2N3824 


TD5902A 


2N5902 


TSC7106CPL 


ICL7106CPL 


U250A 


2N5908 


UC21 


2N3687 


TD5903 


2N5903 


TSC7106RCPL 


ICL7106RCPL 


U251 


2N5905 


UC210 


2N4416 


TD5903A 


2N5903 


TSC7107CJL 


ICL7107CJL 


U251A 


2N5909 


UC2130 


2N5452 


TD5904 


2N5904 


TSC7107CPL 


ICL7107CPL 


U252 


IT5911 


UC2132 


2N5453 


TD5904A 


2N5904 


TSC7107RCPL 


ICL7107RCPL 


U253 


IT5912 


UC2134 


2N5454 


TD5905 


2N5905 


TSC7109CPL 


ICL.7109CPL 


U254 


2N4859 


UC2136 


2N5454 . 


TD5905A 


2N5905 


TSC7109IJL 


ICL7109IJL 


U255 


2N4860 


UC2138 


2N5454 


TD5906 


2N5906 


TSC7109MJL 


ICL7109MJL 


U256 


2N4861 , ' 


UC2139 


2N3958 ■ 


TD5906A 


2N5906 


TSC7116C,JL 


ICL7116CJL 


U257 


U257 


UC2147 


2N3958 


TD5907 


2N5907 


TSC7116CPL 


ICL7116CPL 


U257/TO-71 


U257/TO-71 


UC2148 


2N3958 


TD5907A 


2N5907 


TSC7117CJL 


ICL7117CJL 


U266 


2N4856 


UC2149 


2N3958 


TD5908 


2N5908 


TSC7117CPL 


ICL7117CPL 


U273 


2N4118A 


UC220 


2N3822 


TD5908A 


2N5908 


TSC7126CJL 


ICL7126CJL 


U273A 


2N4118A 


UC240 


2N4869 


TD5909 


2N5909 


TSC7126RCPL 


ICL7126RCPL . 


U274 


2N4119A 


UC241 


2N4869 


TD5909A 


2N5909 


TSC7135CJI 


ICL7135CJt 


U274A 


2N4119A 


UC250 


2N4091 


TD5911 


iT591 1 


TSC7135CPI 


ICL7135CPI 


U275 


2N4il9A 


UC251 


2N4392 


TD5911A 


IT5911 


TSC7650 


ICL7650 


U275A 


2N4119A 


UC2766 


3N166 


TD5912 


IT5912 


TSC7660 


ICL7660 


U280 


2N5452 


UC300 


2N2608 


TD5912A 


IT5912 


TSC9491 


ICL8069 


U281 


2N5453 


UC310 


2N2607 


TD700 


IT122 


TT-590 


AD590 


U282 


2N5453 


UC320 


2N2607 


TD701 


IT122 


UllO 


2N2608 


U283 


2N5453 


UC330 


2N2607 


TD709 


IT122 


UUl 


2N2608 


U284 


2N5454 


UC340 


2N2607 
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ALTERNATE 
SOURCE PRODUCT 


INTERSIL 
EQUIVALENT 


ALTERNATE INTERSIL 
SOURCE PRODUCT EQUIVALENT 


ALTERNATE INTERSIL 
SOURCE PRODUCT EQUIVALENT 


ALTERNATE INTERSIL 
SOURCE PRODUCT EQUIVALENT 


UC40 

UC400 

UC401 

UC41 

UC410 


2N2608 
2N5270 
2N5116 
2 N 2608 
2N5268 








UC420 
UC450 
UC451 
UC588 
UC703 


2N5267 
2N5114 
2N5116 
2N4416 
2N4220 








UC704 
UC705 
UC707 
UC714 
UC714E 


2N4220 
2N4224 
2N4860 
2N3822 
2N4341 








UC734 

UC734E 

UC751 

UC752 

UC753 


2N4416 
2N4416 
2N4340 
2N4340 
2N4341 








UC754 
UC755 
UC756 
UC805 
UC807 


2N4340 
2N4341 
2N4340 
2N5270 
2N5115 








UC814 
UC851 
UC853 
UC854 
UC855 


2N5270 
2N2608 
2N2608 
2N2608 
2N2609 








UCN-4111M 

UCN-4112M 

UCN-4113M 

UHP-503 

UPD1952P 


ICM7038C 

1CM7051A 

ICM7038B 

AD503 

ICM7220MFA 








UPD1962C 
UPD1963C 
UPD815C 
UPD816C 
UPD820C 


ICM7050G 

ICM7050 

ICM7038E 

ICM7038B 

ICM1115B 








UPD833G 

UTIOO 

UTIOI 

UXC2910 

VCRION 


ICM7223 

2N5397 

2N5397 

IT126 

2N4869 








VCRUN 
VCR12N 
VCR13N 
VCR20N 
VCR2N 


VNRllN 
2N3958 
2N3958 
2N4341 
VCR2N 








VCR3P 
VCR4N 
VCR5P 
VCR6P 
VCR7N 


VCR2P 
VCR4N 
VCR5P 
VCR6P 
VCR7N 








VF28 

VF811 

VF815 

VFW40 

VFW40A 


2N4392 

2N4858 

2N4858 

IT122 

IT120 








VR-8069 

W245A 

W245B 

W245C 

W300 


ICL8069 
ITE4416 
ITE4416 
ITE4416 
2N5398 








W300A 
W300B 
W300C 
W300D 
WG-8038 


2N5397 
2N5397 
2N5397 
2N5398 
ICL8038 








WK5457 
WK5458 
WK5459 
XR8038 
ZD740 


2N5457 
2N5458 
2N5459 
ICL8038 
IT 129 








ZDT41 
ZDT42 
ZDT44 
ZDT45 


IT 129 
IT129 
IT 129 
IT129 
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Section 1 — Selector Guides 



2. DISCRETES 



Switches— 


-Junction FET 
























N Channel 


























'■ 


PART 




'■dS(ON) 


Vp 
V 




'gss 

pA 


bVgss 

V 


'd(OFF) 
pA 


'dss 

mA 




tap 
ns 


PF 


Ciss 
pF 




NUMBER 


PACKAGE 


Max 


Min 


Max 


Max 


Min 


Max 


jm 


Max 


Max 


Max 


Max 


COMMENTS 


2N3824 


TO-72 


250 




8.0 


-100 


-50 










3 


6 


High Isolation 


2N3970 


TO-18 


30 


-4.6 


-10.0 


-250 


-40 


250 


50 


150 


50 


6 


25 


High Isolation 


2N3971 


TO-18 


60 


-2.0 


-5.0 


-250 


-40 


250 


25 


75 


90 


6 


25 


High Isolation 


2N3972 


TO-18 


100 


-0.5 


-30 


-250 


-40 


250 


5 


30 


180 


6 


25 


High Isolation 


* 2N4091 


TO-18 


30 


-50 


-100 


-200 


-40 


200 


30 




65 


5 


16 


High Isolation 


2N4091A 


TO-18 


30 


-5.0 


-100 


-40 


-50 


200 


30 




65 


5 


16 


High Isolation 


* 2N4092 


TO-18 


50 


-20 


-70 


-200 


-40 


200 


15 




95 


5 


16 


High Isolation 


2N4092A 


TO-18 


50 


-2.0 


-7.0 


40 


-50 


200 


1,5 




95 


5 


16 


High Isolation 


* 2N4093 


TO-18 


80 


-1.0 


-5.0 


-200 


-40 


200 


8 




140 


5 


16 


High Isolation 


2N4093A 


TO-18 


80 


-10 


-5.0 


40 


-59 


200 


8 




140 


5 


16 


High Isolation 


2N4391 


TO-18 


30 


-40 


-100 


-100 


-40 


100 


50 


150 


55 


3.5 


14 


High Isolation 


2N4392 


TO-18 


60 


-2.0 


-5.0 


-100 


-40 


100 


25 


75 


75 


3.5 


14 


High Isolation 


2N4393 


TO-18 


100 


-0.5 


-3.0 


-100 


-40 


100 


5 


30 


100 


3.5 


14 


High Isolation 


* 2N4856 


TO-18 


25 


-4.0 


-100 


-250 


-40 


250 


50 




34 


8 


18 


High Isolation 


* 2N4857 


TO-18 


40 


-2.0 


-6.0 


-250 


-40 


250 


20 


100 


60 


8 


18 


High Isolation 


* 2N4858 


TO-18 


60 


-0.8 


-4.0 


-250 


-40 


250 


8 


80 


120 


8 


18 


High Isolation 


* 2N4859 


TO-18 


25 


-4.0 


-10.0 


-250 


-30 


250 


50 




34 


8 


18 


High Isolation 


* 2N4860 


TO-18 


40 


-2.0 


-6.0 


-250 


-30 


250 


20 


100 


60 


8 


18 


High Isolation 


* 2N4861 


TO-18 


60 


-08 


-4.0 


-250 


-30 


250 


8 


80 


120 


8 


18 


High Isolation 


2N4978 


TO-18 


20 


-2.0 


-8.0 


-500 


-30 


500 


15 




55 


8 


35 


Low rDS(ON) 


2N5432 


TO-52 


5 


-4.0 


-10.0 


-200 


-25 


200 


150 




41 


15 


30 


Low rDS(ON) 


2N5433 


TO-52 


7 


-3.0 


-9.0 


-200 


-25 


200 


100 




41 


15 


30 


Low rpspN) 


2N5434 


TO-52 


10 


-1.0 


-4.0 


-200 


-25 


200 


30 




41 


15 


30 


Low rDS(ON) 


2N5555 


TO-92 


150 




-10.0 


-InA 


-25 


lOnA 


15 




35 


1.2 


5 


Low Cost 


2N5638 


TO-92 


30 




-12.0 


-InA 


-30 


InA 


50 




24 


4 


10 


Low Cost 


2N5639 


TO-92 


60 




-8.0 


-InA 


-30 


InA 


25 




44 


4 


10 


Low Cost 


2N5640 


TO-92 


100 




-60 


-InA 


-30 


1nA 


5 




63 


4 


10 


Low Cost 


2N5653 


TO-92 


50 




-12.0 


-InA 


-30 


InA 


40 




24 


35 


10 


Low Cost 


2N5654 


TO-92 


100 




-8.0 


-InA 


-30 


InA 


15 




44 


35 


10 


Low Cost 


ITE4091 


TO-92 


30 


-5.0 


-100 


-200 


-40 


200 


30 




65 


5 


16 


Low Cost 


ITE4092 


TO-92 


50 


-2.0 


-7.0 


-200 


-40 


200 


15 




95 


5 


16 


Low Cost 


ITE4093 


TO-92 


80 


-1.0 


-5.0 


-200 


-40 


200 


8 




140 


5 


16 


Low Cost 


ITE4391 


TO-92 


30 


-4.0 


-10.0 


-100 


-40 


100 


50 


150 


55 


35 


14 


Low Cost 


iTE4392 


TO-92 


60 


-2.0 


-5.0 


-100 


-40 


100 


25 


75 


75 


35 


14 


Low Cost 


ITE4393 


TO-92 


100 


-05 


-3.0 


-100 


-40 


100 


5 


30 


100 


3.5 


14 


Low Cost 


J105 


TO-92 


3 


-4.5 


-10.0 


-3nA 


-25 


3nA 


500 




20 






Lowest rDS(ON) 


J106 


TO-92 


6 


-2.0 


-6.0 


-3nA 


-25 


3nA 


200 




20 






Lowest rDS(ON) 


J107 


TO-92 


8 


-05 


-4.5 


-3nA 


-25 


3nA 


100 




20 






Lowest rDS(ON) 


J108 


TO-92 


8 


-30 


-10.0 


-3nA 


-25 


3nA 


80 




41 






Low Cost 


J109 


TO-92 


12 


-2.0 


-60 


-3nA 


-25 


3nA 


40 




41 






Low Cost 


J110 


TO-92 


18 


-0.5 


-4.0 


-3nA 


-25 


3nA 


10 




41 






Low Cost 


J111 


TO-92 


30 


-3 


-10.0 


-InA 


-35 


InA 


20 




48 






Lowest Cost 


J112 


TO-92 


50 


-1.0 


-5.0 


-InA 


-35 


InA 


5 




48 






Lowest Cost 


J113 


TO-92 


100 


-05 


-3.0 


-InA 


-35 


InA 


2 




48 






Lowest Cost 


J114 


TO-92 


150 




-10.0 


-InA 


-25 


InA 


15 




26 






Low Cost 



*Also available as JAN/JANT)^ & JANTXV 

**Most TO-92's are available lead formed to a TO-18 or TO-5 configuration 
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2. DISCRETES 



Switches— 


■Junctlon^ FET 
























N Channel 
































•"DS(ON) 


Vp 




«GSS, 


BVqsS 


•d(OFF) 


•dss 




tap 


Crss 


C|ss 




PART 




Q 


V 




pA 


V 


pA 


mA 




ns 


PF 


pF 




NUMBER 


PACKAGE 


Max 


Min 


Max 


Max 


Mjn 


JJa^ 


Min 


Max 


Max 


Ma^ 


Max 


COMMENTS 


PN4091 


TO-92 


30 


-5.0 


-10.0 


-200 


-40 


200. 


30 




65 


5 


16 


Low Cost 


PN4092 


TO-92 


50 


-2.0 


-7.0 


-200 


-40 


200 


15 




95 


5 


16 


Low Cost 


PN4093 


TO-92 


80 


-1.0 


-5.0 


-200 


-40 


200 


8 




140 


5 


16 


Low Cost 


PN5432 


TO-92 


5 


-4.0 


-10.0 


-200 


-25 


200 


150 




41 


15 


30 


Lowest rDS(ON) 


PN5433 


TO-92 


7 


-3.0 


-9.0 


-200 


-25 


200 


100 




41 


15 


30 


Lowest rDS(ON) 


PN5434 


TO-92 


10 


-1.0 


-4.0 


-200 


-25 


200 


30 




41 


15 


30 


Lowest rDS(ON) 


U200 


TO-18 


150 


-0.5 


-3.0 


-InA 


-30 


InA 


3 


25 




8 


30 


Low Cost 


U201 


TO-18 


75 


-1.5 


-5.0 


-InA 


-30 


InA 


15 


75 




8 


30 


Low Cost 


U202 


TO-18 


50 


-3.5 > 


-10.0 


-InA 


-30 


InA 


30 


150 




8 


30 


l3w Cost 


U1897 


TO-92 


30 


-5.0 


-10.0 


-400 


-40 


200 


30 




65 


5 


16 


Low Cost 


U1898 


TO-92 


50 


-2.0 


-7.0 


-400 


-40 


200 


15 




95 


5 


16 


Low Cost 


U1899 


TO-92 


80 


-1.0 


-5.0 


-400 


-40 


200 


8 




140 


5 


16 


Low Cost 



*Also available as JAN/JANTX & JANTXV 

**Most TO-92's are available lead formed to a TO-18 or TO-5 configuration 
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2. DISCRETES 



Switches— 


-Junction FET 
























P Channel 
































•"DS^ON) 


Vp 




■gss 


BVgsS 


•CHOFF) 


•dss 




tap 


Crss 


Ciss 




PART 




Si 


V 




pA 


V 


pA 


mA 




ns 


PF 






NUMBER 


PACKAGE 


Max 


Min 


Max 


Max 


Min 


Max 


Min 


Max 


Max 


Max 


Max 


COMMENTS 


2N3382 


TO-72 


300 


1.0 


5.0 


15nA 


30 


-2nA 


-3 


-30 






16typ 


Low rDS{ON) 


2N3384 


TO-72 


180 


4.0 


5.0 


15nA 


30 


~2nA 


-15 


-30 






16typ 


Low rDS(ON) 


2N3386 


TO-72 


150 


4.0 


9.5 


15nA 


30 


-2.5nA 


-15 


-50 






16typ 


Low rDS(ON) 


2N3993 


TO-72 


150 


4.0 


9.5 


12nA 


25 


-1.2nA 


-10 






4.5 


16 




2N3994 


TO-72 


300 


1.0 


5.5 


1.2nA 


25 


-1.2nA 


-2 






4.5 


16 




2N5018 


TO-18 


75 




120 


2nA 


30 


-lOnA 


-10 




100 


10 


45 


Low rDS(ON) 


2N5019 


TO-18 


150 




7.0 


2nA 


30 


-lOnA 


-5 




215 


10 


45 


Low rDS(ON) 


* 2N5114 


TO-18 


75 


5.0 


10.0 


500 


30 


-500 


-30 


-90 


37 


7 


25 


Low rDS(ON) 


* 2N5115 


TO-18 


100 


30 


6.0 


500 


30 


-500 


-15 


-60 


66 


7 


25 


Low rDS(ON) 


* 2N5116 


TO-18 . 


150 


1.0 


4.0 


500 


30 


-500 


-5 


-25 


102 


7 


25 


Low rDS(ON) 


moo 


TO-18 


75 


2.0 


4.5 


200 


35 


-100 


-10 






12 


35 


TTL Compatible 


moi 


TO-18 


60 


40 


10.0 


200 


35 


-100 


-20 






12 


35 


TTL Compatible 


J174 


TO-92 


85 


5.0 


10.0 


1nA 


30 


-1nA 


-20 


-100 


22 






Low Cost 


J175 


TO-92 


125 


3.0 


6.0 


InA 


30 


-InA 


-7 


-60 


45 






Low Cost 


J176 


TO-92 


250 


1.0 


4.0 


1nA 


30 


-1nA 


-2 


-25 


70 






Low Cost 


J177 


TO-92 


300 


0.8 


2.25 


1nA 


30 


-InA 


-1.5 


-20 


90 






TTL Compatible 


PN5114 


TO-92 


75 


5.0 


10.0 


500 


30 


-500 


-30 


-90 


37 




25 


Low Cost 


PN5115 


TO-92 


100 


3.0 


6.0 


500 


30 


-500 


-15 


-60 


68 




25 


Low Cost 


PN5116 


TO-92 


150 


1.0 


4.0 


500 


30 


-500 


-5 


-25 


102 




25 


Low Cost 


U304 


TO-18 


85 


5.0 


10.0 


600 


30 


-500 


-30 


-90 


70 




27 


High Off Isolation 


U305 


TO-18 


110 


3.0 


6.0 


500 


30 


-500 


-15 


-60 


105 




27 


High Off Isolation 


U306 


TO-18 


175 


1.0 


4.0 


500 


30 


-500 


-5 


-25 


140 




27 


High Off Isolation 



*Also available as JAN/JANTX & JANTXV 

**Most TO-92's are available lead formed to a TO-18 or TO-5 configuration 



1-3 



2. DISCRETES 



Switches and Amplifiers 

MOSFET 

N-Channel 



PART 
NUMBER 


PACKAGE 


,VgS(TH) 
V 
Min 


Max 


BVdsS 
V 
Min 


■dss 

PA 
Max 


'gss 

pA 
Max 


gfs 

iimho 
Min 


""DSiON) 



Max 


"CKON) 
mA 
Min 


Id(on) 
mA 
Max 


COMMENTS 


2N4351 


TO-72 


1.0 


5.0 


25 


lOnA 


10 


1000 


300 


3 




High Input Z 


3N170 


10-72 


1.0 


2.0 


25 


lOnA 


10 


1000 


200 


10 




High Input Z 


3N171 


TO-72 


1.5 


3.0 


25 


lOnA 


10 


1000 


200 


10 




High Input Z 


IT1750 


TO-72 


0.5 


3.0 


25 


lOnA 


10 


3000 


50 


10 




Low rDS{ON) 


M116 


TO-72 


1.0 


5.0 


30 


lOnA 


100 




100 






Diocje Protected 


M117 


TO-72 


10 


5.0 


30 


lOnA 


1 




100 






High Input Z 



P-Channel 

Generally used where nnax. isolation between signal source and logic drive is required: switch "On" resistance varies with signal amplitude. 



PART 




VgS(TH) 
V 




bVdss 

V 


•dss 

pA 


'gss 

pA 


gfs 

^mho 


i'DS(ON) 


•d(ON) 
mA 


ICXON) 
mA 




NUMBER 


PACKAGE 


Min 


Max 


Min 


Max 


Max 


Min 


Max 


Min 


Max 


COMMENTS 


2N4352 


. TO-72 


-1.0 


-5.0 


-t25 


-lOnA 


10 


1000 


600 


-3 




High Input Z 


3N155 


TO-72 


-1.5 


-3.2 


-35 


-InA 


10 


1000 


600 


-5 




High Input Z 


3N155A 


TO-72 


-1.5 


-3.2 


-35 


-250 


10 


1000 


300 


-5 




High Input Z 


3N157 


TO-72 


-15 


-3.2 


-35 


-InA 


10 


' 1000 




-5 




High Input Z 


3N157A 


TO-72 


-15 


-3.2 


-50 


-250 


10 


1000 




-5 




High Input Z 


3N161 


TO-72 


-1.5 


-5.0 


-25 


-lOnA 


-100 


3500 




-40 


-120 


Diode Protected 


3N163 


TO-72 


-2.0 


-5.0 


-40 


-200 


-10 


2000 


250 


-5 


-30 


High Input Z 


3N164 


TO-72 


-2.0 


-5.0 


-30 


400 


10 


1000 


300 


-3 


-30 


High Input Z 


3N172 


TO-72 


-20 


-5.0 


-40 


-400 


-200 




250 


-5 


-30 


Diode Protected 


3N173 


TO-72 


-2.0 


-5.0 


-30 


-10nA 


-500 




350 


-5 


-30 


Diode Protected 


IT1700 


TO-72 


-2.0 


-5.0 


-40 


200 




2000 


400 


-2 




High Input Z 


IT1701 


TO-72 


-20 


-5.0 


-40 


200 


100 


2000 


400 


-2 




Diode Protected 



LOW Leakage Dioaes 



Ir@1V 



PART 
NUMBER 


PACKAGE 


(pA) 
Typ 


(nA) 
Max 


(V) 
Min 


(V) 
Min 


(V) 
Max 


COMMENTS 


ID100 
ID101 


TO-78 
TO-71 


0.1 
0.1 


10 
10 


30 
30 


0.8 
0.8 


1.1 
1.1 


(Note 1) 
(Note 1) 



Note 1. Used to protect the inputs of MOSFETs such as 3N163, while maintaining input leakage <0.1pA. 

*Also available as JAN/JANTX & JANTXV. 

**Most TO-92's are available lead formed to a TO-18 or TO-5 configuration. 



1-4 



2. DISCRETES 



Amplifiers — Junction FET 
N Channel 







gfs 


'dss 




Vp 




'gss 


BVqss Cjss 


Crss 


en 




PART 




/xfTlhO 


mA 




V 




pA 


V 


PF 


pF 


nV/VHz 




NUMBER 


PACKAGE 


Min 


Min 


Max 


Min 


Mak 


M^x 


Min 


Max 


Max 


Max 


COMMENTS 


N-Channel: 


2N3684 


TO-72 


2000 


25 


75 


-2.0 


-5.0 


-100 


-50 


4 


1.2 


150 @ 20Hz 


Low Noise 


2N3685. 


TO-72 


1500 


1.0 


30 


-1.0 


-3 5 


-100 


-50 


4 


1.2 


150 @ 20Hz 


Low Noise 


2N3686 


TO-72 


1000 


04 


12 


-0.6 


-20 


-100 


-50 


4 


1.2 


150 @ 20Hz 


Low Noise 


2N3687 


TO-72 


500 


01 


05 


-0.3 


-12 


-100 


-50 


4 


1.2 


150 @ 20Hz 


Low Noise 


* 2N3821 


TO-72 


1500 


05 


2.5 




-4.0 


-100 


-50 


6 


3 


200 @ 10Hz 


GPA 


2N3822 


TO-72 


3000 


2.0 


100 




-6.0 


-100 


-50 


6 


3 


200 @ 10Hz 


GPA 


2N3823 


TO-72 


3500 


4.0 


20.0 


-1.0 


-7.5 


-500 


-30 


6 


2 


2.5clB @ 100MHz 


VHF Amp 


2N4117 


TO-72 


70 


0.03 


0.09 


-0.6 


-1.8 


-10 


-40 


3 


1.5 




Low Leakage 


2N4117A 


TO-72 


70 


03 


09 


-0.6 


-1.8 


-1 


-40 


3 


1.5 




Low Leakage 


2N4118 


TO-72 


80 


0.08 


24 


-1.0 


-3.0 


-10 


-40 


3 


1.5 




Low Leakage 


2N4118A 


TO-72 


80 


0.06 


0.24 


-10 


-3.0 


-1 


-40 


3 


1.5 




Low Leakage 


2N4119 


TO-72 


100 - 


0.2 


0.6 


-2.0 


-60 


-10 


-40 


3 


1.5 




Low Leakage 


2N4119A 


TO-72 


100 


0.2 


06 


-2.0 


-6.0 


-1 


-40 


3 


1.5 




Low Leakage 


2N4220 


TO-72 


1000 


05 


30 




-40 


-100 


-30 


6 


2 




Low Cost 


2N4220A 


TO-72 


1000 


0.5 


30 




-40 


-100 


-30 


6 


2 


2.5dB @ 100Hz 


GPA 


2N4221 


TO-72 


2000 


2.0 


60 




-60 


-100 


-30 


6 


2 




Low Cost 


2N4221A 


TO-72 


2000 


2.0 


60 




-60 


-100 


-30 


6 


2 


2.5dB @ 100Hz 


GPA 


2N4222 


TO-72 


2500 


5.0 


15.0 




-8.0 


-100 


-30 


6 


2 




Low Cost 


2N4222A 


TO-72 


2500 


5.0 


15.0 




-8.0 


-100 


-30 


6 


2 


2.5dB @ 100Hz 


GPA 


2N4223 


TO-72 


3000 


30 


180 


-0.1 


-8 


-250 


-30 


6 


2 




Low Cost 


2N4224 


TO-72 


2000 


20 


20.0 


-0.1 


-08 


-150 


-30 


6 


2 




Low Cost 


2N4338 


TO-18 


600 


0.2 


0.6 


-0.3 


-10 


-100 


-50 


7 


3 


65 @ 1kHz 


General Purpose Amp 


2N4339 


TO-18 


800 - 


0.5 


1.5 


-0.6 


-1.8 


-100 


-50 


7 


3 


65 @ 1kHz 


General Purpose Amp 


2N4340 


TO-18 


1300 


1.2 


3.6 


-1.0 


-30 


-100 


-50 


7 


3 


65 @ 1kHz 


General Purpose Amp 


2N4341 


TO-18 


2000 


3.0 


9.0 


-2.0 


-6.0 


-100 


-50 


7 


3 


65 @ 1kHz 


General Purpose Amp 


2N4416 


TO-72 


4500 


5.0 


15.0 




-6.0 


-100 


-30 


4 


2 




High Gain 


2N4867 


TO-72 


700 


0.4 


1.2 


-0.7 


-20 


-250 


-40 


25 


5 


10 @ 1kHz 


Audio Amp 


2N4867A 


TO-72 


700 


0.4 


12 


-07 


-2.0 


-250 


-40 


25 


5 


5 @ 1kHz 


Low Noise/GPA 


2N4868 


TO-72 


1000 


1.0 


3.0 


-1.0 


-3.0 


-250 


-40 


25 


5 


10 @ 1kHz 


Audio Amp 


2N4868A 


TO-72 


1000 


1.0 


3.0 


-1.0 


-3.0 


-250 


-40 


25 


5 


5 @ 1kHz 


Low Noise/GPA 


2N4869 


TO-72 


1300 


2.5 


7.5 


-1.8 


-5.0 


-250 


-40 


25 


5 


10 @ 1kHz 


Audio Amp 


2N4869A 


TO-72 


1300 


2.5 


7.5 


-18 


-5.0 


-250 


-40 


25 


5 


5 @ 1kHz 


Low Noise/GPA 


2N5397 


TO-72 


6000 


10.0 


30.0 


-1.0 


-6.0 


-100 


-25 


5.0 


1.2 


3.5dB @ 450MHz 


VHF Amp 


2N5398 


TO-72 


5500 


5.0 


40.0 


-1.0 


-60 


-100 


-25 


5.5 


1.3 




VHF Amp 


2N5457 


TO-92 


1000 


1.0 


5.0 


-0.5 


-6.0 


-InA 


-25 


7 


3 


3dB @ 1kHz 


Low Cost/GPA 


2N5458 


TO-92 


1500 


2.0 


9.0 


-1.0 


-7.0 


-InA 


-25 


7 


3 


3dB @ 1kHz 


Low Cost/GPA 


2N5459 


TO-92 


2000 


4.0 


16.0 


-2.0 


-8.0 


-InA 


-25 


7 


3 


3dB @ 1kHz 


Low Cost/GPA 


2N5484 


TO-92 


3000 


1.0 


5.0 


-0.3 


-0.3 


-InA 


-25 


5 


1 


120 @ 1kHz 


Low Cost RF Amp 


2N5485 


TO-92 


3500 


4.0 


10.0 


-0.5 


-4.0 


-InA 


-25 


5 


1 


120 @ 1kHz 


Low Cost RF Amp 


2N5486 


TO-92 


4000 


8.0 


20.0 


-2.0 


-6.0 


-InA 


-25 


5 


1 


120 @ 1kHz 


Low Cost RF Amp 


ITE4416 


TO-92 


4500 


5.0 


15.0 




-6.0 


100 


-30 


4 


2 




Low Cost RF Amp 


J201 


TO-92 


500 


0.2 


1.0 


-0.3 


-1.5 


-100 


-40 


4typ. 


Ityp. 


5typ. @ 1kHz 


GPA/Low Cost 


J202- 


TO-92 


1000 


0.9 


4.5 


-0.8 


-4.0 


-100 


-40 


4typ. 


Ityp. 


5typ. @ 1kHz 


GPA/Low Cost 


J203 


TO-92 


1500 


40 


20.0 


-2.0 


-10.0 


-100 


-40 


4typ. 


Ityp. 


5typ. @ 1kHz 


GPA/Low,Cost 


J204 


TO-92 








-0.5 


-2.0 


-100 


-25 


4typ. 


Ityp. 


10typ.@ 1kHz 


GPA/Low Cost 


J210 


TO-92 


4000 


2,0 


15.0 


-1.0 


-3.0 


-100 


-25 


4typ. 


Ityp. 


10typ. @ 1kHz 


GPA/Low Cost 


J211 


TO-92 


7000 


70 


20.0 


-2.5 


-4.5 


-100 


-25 


4typ 


1typ. 


10typ. @ 1kHz 


GPA/Low Cost 


J212 


TO-92 


7000 


15.0 


40.0 


-4.0 


-6.0 


-100 


-25 


4typ 


1typ. 


lOtyp. @ 1kHz 


GPA/Low Cost 



'Available as JAN/TX/TXV. 

**Most TO-92's are avarlable lead formed to a TO-18 or TO-5 configuration. 



1-5 



2. DISCRETES 




Amplifiers 


— Junction FET 






















N Channel 






























9fs 


•dss 




Vp 




•gss 


BVgsS 


Ciss 


Crss 


©n 




PART 




litnno 


mA 




V 




pA 


V 


PF 


pF 


nV/VHz 




NUMBER 


PACKAGE 


Min 


Min 


Max 


Min 


Mjx 


Max 


Min 


Max 


Max 


Max 


COMMENTS 


J300 


TO-92 


4500 


4.0 


45.0 


-15 


-7.0 


-500 


-25 


5.5 


1.7 




VHP AMP/Low Cost 


J308 


TO-92 


8000 


12.0 


60.0 


-1.0 


-6.5 


-InA 


-25 






2.7dB @ 450MHz 


VHP Amp/Low Cost 


J309 


TO-92 


10,000 


12.0 


30.0 


-1.0 


-4.0 


-1hA 


-25 






2.7dB @ 450MHz 


VHP Amp/Low Cost 


J310 


TO-92 


8000 


24.0 


60.0 


-2.0 


-6.5 


-1nA 


-25 






2.7dB @ 450MHz 
2ab v^ 


VHP Amp/Low Cost 


PN4302 


TO-92 


1000 


0.5 


5.0 




-4,0 


-InA 


-30 


6 


2 


?A/Low Cost 


PN4303 


TO-92 


2000 


4.0 


10.0 




-ao 


-InA 


-30 


6 


2 


2dB @ IkHz 


iPA/Low Cost 


PN4304 


TO-92 


1000 


0.5 


15.0 




-10.0 


-InA 


-30 


6 


2 


3dB,@ 1kHz 


GPA/Low Cost 


PN4338 


TO-92 


600 


0.2 


0.6 


-0.3 


-1.0 


-100 


-50 


7 


3 


IdB @ 1kHz 


GPAA/CR 


PN4339 


TO-92 


800 


0.5 


1.5 


-0.6 


-1.8 


-100 


-50 


7 


3 


Idb @ 1kHz 


GPAA/CR 


PN4340 


TO-92 


1300 


1.2 


3.6 


-1.0 


-3.0 


-100 


-50 


7 


3 


Idb @ 1kHz 


GPAA/CR 


PN4341 


TO-92 


2000 


3.0 


9.0 


-2.0 


-6.0 


-100 


-50 


7 


3 


1db @ IkHZ 


GPA/VCR 


PN4416 


TO-92 


4500 


5.0 


15.0 




-6.0 


-100 


-30 


4 


2 




High Gain/Low Cost 


PN5163 


TO-92 


2000 


1.0 


40.0 


-0,4 


' -8.0 


-lOnA 


-25 


20 


5 


50 @ 1kHz 


Low Cost 


U308 


TO-52 


10,000 


12.0 


60.0 


-1.0 


-6.0 


-150 


-25 


7typ. 


4.0typ. 


2.7dB @ 450MHz 


VHP Amp 


U309 


TO-52 


10,000 


12.0 


30.0 


-1.0 


-4.0 


-150 


-25 


7typ. 


4.0typ. 


2.7dB @ 450MHz 


VHP Amp 


U310 


TO-52 


10,000 


24.0 


60.0 


-2.5 


-6.0 


-150 


-25 


7typ. 


4.0typ. 


2.7dB @ 450MHz 


VHP Amp 



*Available as JAN/TX/TXV. 

**Most TO-'92's are avatlable lead formed to a TO-18 or TO-5 configuration. 



2. DISCRETES 



Amplifiers - 
P-Channel 

PART 
NUMBER 


- Junction FET 

Qfs 
ntnho 
PACKAGE Min 


'dss 
mA 
Min 


Max 


Vp 

V 

Min 


Max 


*GSS 
nA 
Max 


BVqsS 
V 
Min 


Ciss 
PF 
Max 


Crss 
pF 


en 

nV/VH2 

Max 


COMMENTS 


2N2606 


TO-18 


110 


0.1 


-0.5 


05 


4.0 


InA 


30 


6 




3dB@1kHz 


VP Min Waiver 


2N2607 


10-18 


330 


-03 


-1.5 


1.0 


4.0 


3nA 


30 


10 




400® 1kHz 


Low Noise/GPA 


2N2608 


TO-18 


1000 


-0.9 


-4.5 


1.0 


4.0 


lOnA 


30 


17 




180@1kHz 


Low Noise/GPA 


2N2609 


TO-18 


2500 


-2.0 


-10.0 


1.0 


4.0 


30nA 


30 


30 




180@1kHz 


Low Noise/GPA 


2N2609JAN 


TO-18 


2500 


-2.0 


-10.0 


1.0 


40 


30nA 


30 


30 




3dB@1kHz 


Low Noise/GPA 


2N3328 


TO-72 


100 




-1.0 




6.0 


InA 


20 


4 




400@1kHZ 


GPA 


2N3329 


TO-72 


1000 


-1.0 


-3.0 




50 


lOnA 


20 


20 




3clb(§)1kHz 


GPA 


2N3330 


TO-72 


1500 


-2.0 


-6.0 




6.0 


10nA 


20 


20 




3db@1kHz 


GPA 


2N3331 


TO-72 


2000 


-5.0 


-15.0 




8.0 


lOnA 


20 


20 




4db@1kHz 


GPA 


2N3332 


TO-72 


1000 


-1.0 


-6.0 




6.0 


lOnA 


20 


20 




1db@1kHz 


GPA 


2N5265 


TO-72 


900 


-0.5 


-1.0 


0.3 


1.5 


2nA 


60 


7 


2 


115® 100Hz 


Low Noise/GPA 


2N5266 


TO-72 


1000 


-0.8 


-1.6 


04 


2.0 


2nA 


60 


7 


2 


115® 100Hz 


Low Noise/GPA 


2N5267 


TO-72 


1500 


-1.5 


-3.0 


1.0 


4.0 


2nA 


60 


7 


2 


115@100Hz 


Low Noise/GPA 


2N5268 


TO-72 


2000 


-2.5 


-5.0 


1.0 


4.0 


2nA 


60 


7 


2 


115@100H2 


Low Noise/GPA 


2N5269 


TO-72 


2200 


-4.0 


-8.0 


2.0 


6.0 


2nA 


60 


7 


2 


115® 100Hz 


Low Noise/GPA 


2N5270 


TO-72 


2500 


-7.0 


-14.0 


2.0 


6.0 


2nA 


60 


7 


2 


115® 100Hz 


Low Noise/GPA 


2N5460 


TO-92 


1000 


-1.0 


-5.0 


0.75 


6.0 


5nA 


40 


7 


2 


115®100Hz 


Low Noise/Low Cost 


2N5461 


TO-92 


1600 


-20 


-9.0 


1.0 


7.5 


„ 5nA 


40 


7 


2 


115® 100Hz 


Low Noise/Low Cost 


2N5462 ^ 


TO-92 


2500 


-4.0 


-16.0 


1.8 


9.0 


5nA 


40 


7 


2 


115@100Hz 


Low Noise/Low Cost 


2N5463 


TO-92 


1000 


-1.0 


-5.0 


0.75 


6.0 


5nA 


60 


7 


2 


115® 100Hz 


Low Noise/Low Cost 


2N5464 


TO-92 


1500 


-2.0 


-9.0 


1.0 


7.5 


5nA 


60 


7 


2 


115 100Hz 


Low Noise/Low Cost 


2N5465 


TO-92 


2500 


-4.0 


-16.0 


1.8 


9.0 


5nA 


60 


7 


2 


115® 100Hz 


Low Noise/Low Cost 


J270 


TO-92 


6000 


-2.0 


-15.0 


0.5 


2.0 


0.200 


30 


32typ 


4typ 


6typ@1kHZ 


Low Noise/Low Cost 


J271 


TO-92 


8000 


-6.0 


-50.0 


1.5 


4.5 


0.200 


30 


31typ 


4typ 


6typ@1kHz 


Low Noise/Low Cost 


PN4342 


TO-92 


2000 


-4.0 


-12.0 


07 


5.0 


lOnA 


25 


20 


5 


80® 100Hz 


Low Noise/Low Cost 


PN4343 


TO-92 


3000 


-10.0 


-30.0 


1.8 


9.0 


lOnA 


25 


20 


5 


80® 100Hz 


Low Noise/Low Cost 



*Available as JAN/TX/TXV. 

**Most TO-92's are available lead formed to a TO-18 or TO-5 configuration. 



2. DISCRETES 



Differential Amplifiers — 

Dual Monolithic N-Channel Junction FETs 



^ 







VgS1-2 


AVgs 


Ig 


BVgsS 


Vp 




Ofs 




loss 




©n 




PART 




mV 


mV/X 


pA 


V 


V 




mmho* 




mA 




nV/VHz 




NUMBER 


PACKAGE 


Max 


Max 


Max 


Min 


Min 


^[ax 


"^U" 


JJjx 


Mj" 


Max 


Max 


COMMENT^ 


2N3921 


TO-71 


5 


10 


250 


-50 




-3.0 


1.5 


7.5 


1 


10.0 


2clB ® 1kHz 


GP Diff Amp 


2N3922 


TO-71 


5 


25 


250 


-50 




-3.0 


1.5 


7.5 


1 


10.0 


2dB ® 1kHz 


GP Diff Amp 


2N3954 


T0i71 


5 


10 


-50 


-50 


-1.0 


-4.5 


1 


3 


0.5 


5.0 


160 @ 100Hz 


General Pui'pose 


2N3954A 


TO-71 


5 


5 


-50 


-50 


-1.0 


-4.5 


1 


3 


0.5 


5.0 


160 ® 100Hz 


General Purpose 


2N3955 


TO-71 


10 


25 


-50 


-50 


-1.0 


-4.5 


1 


3 


0.5 


5.0 


160 @ 100Hz 


General Purpose 


2N3955A 


TO-71 


5 


15 


-50 


-50 


-1.0 


-4.5 


1 


3 


0.5 


5.0 


160 @ 100Hz 


General. Purpose 


2N3956 


TO-71 


15 


50 


-50 


-50 


-1.0 


-4.5 


1 


3 


0.5 


5.0 


160 ® 100Hz 


General Purpose 


2N3957 


TO-71 


20 


75 


-50 


-50 


-1.0 


-4.5 


1 


3 


0.5 


5.0 


160 @ 100Hz 


General Purpose 


2N3958 


TO-71 


25 


100 


-50 


-50 


-10 


-45 


1 


3 


0.5 


5.0 


160 @ 100Hz 


General Purpose 


2N5045 


TO-71 


5 


65 




-5d 


-0.5 


-45 


1.5 


6.0 


0.5 


8.0 


200 @ 10Hz 


GP Diff Amp' 


2N5046 


TO-71 


10 


133 




-50 


-0.5 


-4.5 


1.5 


6.0 


0.5 


8.0 


200 @ 10Hz 


GP Diff Amp,, 


2N5047 


TO-71 


15 


200 




-50 


-0.5 


-4.5 


1.5 


6.0 


0.5 


8.0 




GP Diff Amp 


2N5196 


TO-71 


5 


5 


-15 


-50 


-0.7 


-4.0 


0.7 @ 200,iA 


0.7 


7.0 


20 @ 1kHz 


Low Noise, GPA 


2N5197 


TO-71 


5 


10 


-15 


-50 


-0.7 


-4.0 


7® 200mA 


0.7 


7.0 


20 @ 1kHz 


Low Noise, GPA 


2N5198 


TO-71 


10 


20 


-15 


-50 


-0.7 


-4.0 


7® 200/iA 


0.7 


7.0 


20 @ 1kHz 


Low Noise, GPA 


2N5199 


TO-71 


15 


40 


-15 


-50 


-0.7 


-4.0 


7® 200/iA 


0.7 


7.0 


20 @ 1kHz 


Low Noise, GPA 


2N5515 


TO-71 


5 


5 


-100 


, -40 


-0.7 


-4.0 


1 




05 


7.5 


30 @ 10Hz 


GP Diff Amp 


2N5516 


TO-71 


5 


10 


-100 


-40 


-0.7 


-4.0 


1 




0.5 


7.5 


30 @ 10Hz 


GP Diff Amp 


2N5517 


TO-71 


10 


20 


-100 


-40 


-0.7 


-4.0 


' 1 




0.5 


7.5 


30 @ 10Hz 


GP Diff Amp 


2N5518 


TO-71 


15 


40 


-100 


-40 


-0.7 


-4.0 


1 




0.5 


7.5 


30 @ 10Hz 


GP Diff Amp > 


2N5519 


TO-71 


15 


80 


-100 


-40 


-07' 


-4.0 


1 




0.5 


7.5 


30 @ 10Hz 


GP Diff Amp 


2N5520 


TO-71 


5 


5 


-100 


-40 


-0.7 


-4!0 


1 




0.5 


7.5 


15 ® 10Hz 


Lowest Noise 


2N5521 


TO-71 


5 


10 


-100 


-40 


-0.7 


-4.0 


1 




0.5 


7.5 


15 ® 10Hz 


Lowest No,ise 


2N5522 


TO-71 


10 


20 


-100 


-40 


-0.7 


-4.0 


1 




0.5 


7.5 


15 ® 10Hz 


Lowest Noise 


2NK)23 


TO-71 


15 


40 


-100 


-40 


-0 7 


-7 4.0 


1 




0.5 


7.5 


15 @ 10Hz 


Lowest Noise 


2N5f524 


TO-71 


15 


80 


-100 


-40 


-0.7 


-4.0 


1 




0.5 


7.5 


15® 10Hz 


Lowest Noise 


2N5545 


TO-71 


5 


10 


-50 


-50 


-0.5 


-4.5 


1.5 


6 


0.5 


8.0 


180 ® lOHz 


GP Diff Amp 


2N5546 


TO-71 


10 


20 


-50 


-50 


-0.5 


-4.5 


1.5 


6 


0.5 


8.0 


200 @ 10Hz 


GP Diff Amp 


2N5547 


TO-71 


15 


40 


-50 


-50 


-0.5 


-4.5 


1.5 


6 


0.5 


8.0 




GP Diff Amp 


2N5902 


TO-78 


5 


5 


-3 


-40 


-0.6 


-4.5 


0.07 


.250 


0.03 


0.50 


100 ® 1kHz 


Low Leakage 


2N5903 


TO-78 


5 


10 


-3 


-40 


-0.6 


-4.5 


0.07 


.250 


0.03 


0.50 


100 @ 1kHz 


Low Leakage 


2N5904 


TO-78 


10 


20 


-3 


-40 


-0.6 


-4.5 


0.07 


.250 


0.03 


0.50 


100 ® 1kHz 


Low Leakage 


2N5905 


TO-78 


15 


40 


-3 


-40 


^0.6 


-4.5 


0.07 


.250 


0.03 . 


0.50 


100 @ 1kHz 


Low Leakage 


2N5906 


TO-99 


5 


5 


-1 


-40 


-0.6 


-4.5 


0.07 


0.25 


0.03 


0.50 


100 @ 1kHz 


Low Leakage 


2N5907 


TO-99 


5 


10 


-1 


-40 


-0.6 


-4.5 


0.07 


0.25 


0.03 


0.50 . 


100® 1kHz 


Low Leakage 


2N5908 


TO-99 


10 


20 


-1 


-40 


• -0.6 


-4.5 


0.07 


0.25 


0.03 


0.50 


100 ® 1kHz 


Low Leakage 


2N5909 


TO-99 


15 


40 


-1 


-40 


-0.6 


-4.5 


0.07 


0.25 


0.03 


0.50 


100 @ 1kHz 


Low Leakage 


2N5911 


TO-99 


10 


20 


-100 


-25 


-1.0 


-5.0 


5/10 @ 5mA 


7.0 


40.0 


20 @ 10kHz 


RF Amplifier 


2N5912 


TO-99 


15 


40 


-100 


-25 


-1.0 


-5.0 


5/10 ® 5mA 


7.0 


40.0 


20 ® 10kHz 


RF Amplifier 


2N6483 


TO-71 


5 


5 


-100 


-50 


-0.7 


-4.0 


1 


4 


0.5 


7.5 


10 @ 10Hz 


Low Noise 


2N6484 


TO-71 


10 


10 


-100 


-50 


-0.7 


-4,0 


1 


4 


0.5 


7.5 


10 @ 10Hz 


Low Noise 


2N6485 


TO-71 


15 


25 


-100 


-50 


-0.7 


-4.0 


1 


4 


0.5 


7.5 


10 @ 10Hz 


Low Noise 


iT500 


TO-52 


5 


. 5 


-5 


-50 


-0.7 


-4.0 


0.7/1.6@200mA 


0.7 


7.0 


35 ® 10Hz 


Cascode RF Amp 


IT501 


TO-52 


5 


10 


-5 


-50 


-0.7 


-4.0 


0.7/1.6 @200/iA 


0.7 


7.0 


35 ® 10Hz 


Cascode RF Amp 


IT502 


TO-52 


10 


20 


-5 


-50 


-0.7 


-4.0 


0.7/1.6 @200/.A 


0.7 


7.0 


35 @ 10Hz 


Cascode RF Amp 


IT503 


TO-52 


15 


40 


-5 


-50 


-0.7 


-4.0 


7/1.6@200/iA 


0.7 


70 


35 ® 10Hz 


Cascode RF Amp 


IT504 


TO-52 


25 


100 


-5 


-25 


-0.7 


-4.0 


0.7/1.6® 200/iA 


0.7 


7.0 


35 ® 10Hz 


Cascode RF Amp 


IT505 


TO-52 


50 


200 


-5 


-25 


-0.7 


-4.0 


0.7/1.6 @200,iA 


0.7 


7.0 


35 ® 10Hz 


Cascode RF Amp 



2. DISCRETES 



Differential Amplifiers — continued 
Dual Monolithic N-Channel Junction FETs 

VGS1.2 AVqs Iq BVqss Vp 

PART mV /tV/*»C pA V V 

NUMBER PACKAGE Max Max Max Min Min 



iOIL 



Max 



Ofs 

mmho* 

Min 



'DSS 

mA 

Max Min 



nV/^Hz 
Max 



COMMENTS 



IT550 


70-71 


50 


100 


■^■^M 


-40 


-0..5 


-3,0 


7.5/12.5 @ 2mA 


5.0 


30.0 


50 @ 10Hz 


Cascode RF Amp 


IT5911 


10-71 


10 


20 


-100 


-25 


-1.0 


-5.0 


5/10 @ 5mA 


7.0 


40.0 


20 @ 10kHz 


RF Amplifier 


IT5912 


70-71 


15 


40 


-100 


-25 


-10 


-5.0 


5/10 @ 5mA 


70 


40.0 


20 @ 10kHz 


RF Amplifier 


ITC5911 


70-99 


10' 


20 


-100 


-25 


-1.0 


-5.0 


5/10 @ 5mA 


7.0 


40.0 


20 @ 10kHz 


RF Amplifier 


ITC5912 


70-99 


15 


40 


-100 


-25 


-1.0 


-5.0 


5/10 @ 5mA 


7.0 


40.0 


20 @ 10kHz 


RF Amplifier 


U231 


70-71 


5 


10 


-50 


-50 


-05 


-4.5 


1 


5 


0.5 


5.0 


80 @ 100Hz 


GP Diff Amp 


U232 


70-71 


10 


25 


-50 


-50 


-0.5 


-4.5 


1 


5 


0.5 


50 


80 @ 100Hz 


GP Diff Amp 


U233 


70-71 


15 


50 


-50 


-50 


-0.5 


-4.5 


1 


5 


0.5 


5.0 


80 @ 100Hz 


GP Diff Amp 


U234 


70-71 


20 


75 


-50 


-50 


-0.5 


-4.5 


1 


5 


0.5 


5.0 


80 @ 100Hz 


GP Diff Amp 


U235 


70-71 


25 


100 


-50 


-50 


-0.5 


-4.5 


1 


5 


0.5 


5.0 


80 @ 100Hz 


GP Diff Amp 


U257 


70-78 


100 






-25 


-10 


-50 


4.5 


10 


5.0 


40.0 


30 @ 10kHz 


Low Cost 


U426 


70-78 


25 


40 


-0.5 


-40 


-04 


-3.0 


03 


1.5 


.06 


18 


70 @ 10Hz 


Low Cost 


U440 


70-71 


10 






-25 


-1.0 


-6.0 


4 5/9@5/iA 


6 


30 




High Gam 


U441 


70-71 


20 






-25 


-10 


-6.0 


4 5/9 @5mA 


6 


30 




High Gam 



Dual Monolithic P-Channel MOSFETs (Enhancement) 



PART 




Vqscth) 

V 




BVddS 
V 


'dss 

pA 


■gss 

pA 


gfs 

^mho 


Id(on) 
mA 




•'DS(ON) 


Vqs 1-2 
mV 




NUMBER 


PACKAGE 


Min 


Max 


Min/Max 


Max 


Max 


Min 


Min 


Max 


Max 


Max 


COMMENTS 


3N165 


70-99 


-2 


-5 


-40 


-200 


-10 


1500 


-50 


-30 


300 


100 


Low Leakage 


3N166 


70-99 


-2 


-5 


-40 


-200 


-10 


1500 


-5.0 


-30 


300 




Low Leakage 


3N188 


70-99 


-2 


-5 


-40 


-200 


-200 


1500 


-5.0 


-30 


300 


100 


Diode Protected 


3N189 


70-99 


-2 


-5 


-40 


-200 


-200 


1500 


-5.0 


-30 


300 




Diode Protected 


3N190 


70-99 


-2 


-5 


-40 


-200 


-10 


1500 


-5.0 


-30 


300 


100 


High Input Z 


3N191 


70-99 


-2 


-5 


-40 


-200 


-10 


1500 


-5.0 


-30 


300 




High Input Z 



2 DISCRETES 



Differential Amplifiers — 
Dual NPN Bipolar Transistors 

•b1-2 

VbE1-2 AVbe hpE (Note1) BVcEO 

PART mV /tV/<»C (Note 1) nA V 

NUMBER PACKAGE Max Max Miti Max Min 



•CBO NF 
nA dB 

Max Max 



h 

MHz @ Ic 

Min 



Cobo 
PF 
Max 



COMMENTS 



2N2453 


10-78 


3 


10 


80 




30 


5 


7typ. 






Audio Amp 


2N2453A 


TO-78 


3 


5 


80 




60 


5 


4typ. 






Audio Amp 


2N2920 


TO-78 


3 


10 


150 




60 


2 


3typ. 


60 @ 0.5mA 


6 


High Gain, Low Noise 


2N2920A 


TO-78 


1.5 


, 5 


150 




60 


2 


3typ. 


60 @ 0.5mA 


6 


High Gain, Low Noise 


2N4044 


TO-78 


3 


3 


200 


5 


60 


0.1 


2 


200 @ 1mA 


0.8 


Low Capacitance 


2N4045 


TO-78 


5 


10 


80 


25 


45 


0.1 


3 


150 @ 1mA 


6.8 


Low Capacitance 


2N4100 


TO-78 


5 


5 


150 


10 


55 


0.1 


3 


150 @ 1mA 


0.8 


Low Capacitance 


2N4878 


TO-71 


3 


3 


200 


5 


60 


0.1 


2typ. 


200 @ 1mA 


0.8 


Low Capacitance 


2N4879 


TO-71 


5 


5 


150 


10 


55 


0.1 


3typ. 


150 @ 1mA 


0.8 


Low Capacitance 


2N4886 


TO-71 


5 


10 


80 


25 


45 


0.1 


3typ. 


150 @ 1mA 


0.8 


Low Capacitance 


IT120 


TO-78 
TO-71 


2 


5 


200 


5 


45 


1.0 


2typ. 


150 @ 1mA 


2 


Low Cost, Low Vqs 


IT120A . 


TO-78 
TO-71 


1 


3 


200 


2.5 


45 


1.0 


2typ. 


150 @ 1mA 


2 


Low Cost, Low Vqs 


IT121 


TO-78 
TO-71 


3 


10 


80 


25 


45 


1.0 


2typ. 


180 @ 1mA 


2 


Low Cost 


IT122 


TO-78 
TO-71 


5 


20 


80 


25 


45 


1.0 


2typ. 


180 @ 1mA 


2 


Low Cost 


IT124 


TO-78 


5 


15 


1500 


0.6A 


2 


0.1 


3 


100 @ 100^A 


0.8 


Super (3 for 
Log Amps 


IT126 


TO-78 
TO-71 


1 


3 


150 


2.5 


60 


0.1 


Ityp. 


250 @ 10mA 


3 


Low Vqs 


IT127 


TO-'78 
TO-71 


2 


5 


150 


5 


60 


0.1 


1 typ. 


250 @ 10mA 


3 


Low Vqs 


IT128 


TO-78 
TO-71 , 


3 


10 


100 


10 


55 


0.1 


Ityp. 


250 @ 10mA 


3 


Low Vqs 


IT129 


TO-78 
TO-71 


10 


20 


70 


20 


45 


0.1 


1 typ. 


250 @ 10mA 


3 


Low Vqs 


LM114 


, TO-71 


2.0 


10 


250 


10 


45 


0.050 








Low Vqs 


LM114A 


TO-71 


0.5 


2 


500 


2 


45 


0.010 








Low Vqs 


LM114AH 


TO-78 


0.5 


2 


500 


2 


45 


0.010 








Low Vqs 


LM114B 


TO-71 


1.0 


5 


250 


10 


45 


0.050 








Low Vqs 


LM114BH 


TO-78 


1.0 


5 


260 


10 


45 


0.050 








Low Vos 


LM114H 


TO-78 


2.0 


10 


250 


10 


45 


0.050 








Low Vqs 



NOTE: 

1. Ic = 10;iA 
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2. DISCRETES 



Differential Amplifiers ^ 
Dual PNP Bipolar Transistors 

•b1-2 
Vbei-2 AVbe hpE (NoteD 
PART mV AiV/°C (Note 1) nA 

NUMBER PACKAGE Max Max Min Max 



^DL 



BVcEO 'CBO 
V nA 

Min Max 



NF 
dB 
Max 



MHz @ Ic 
Min 



Cobo 
pF 
Max COMMENTS 



2N3810 


10-78 


3 


10 


100 




-60 


10 


3typ. 


100 @ 1mA 


4 


LowVos 


2N3810A 


10-78 


1.5 


5 


100 




-60 


10 


3typ. 


100 @ 1mA 


4 


Low Vos 


2N3811 


10-78 


3 


10 


225 




-60 


10 


3typ. 


100® 1mA 


4 


Low Vos 


2N3811A 


10-78 


1.5 


5 


225 




-60 


10 


3typ. 


100 @ 1mA 


4 


Low Vos 


2N5117 


10-78 


3 


3 


100 


10 


-45 


0.1 


4typ. 


100 @ 0.5mA 


0.8 


Low Vos 


2N5118 


10-78 


, 5 


5 


100 


15 


-45 


0.1 


4typ. 


100 @ 0.5mA 


0.8 


Low Cost 


2N5119 


10-78 


5 


10 


50 


40 


-45 


0.1 


4typ. 


100 @ 0.5mA 


0.8 


Low Cost 


IT130 


10-78 
10-71 


2 


5 


200 


5 


-45 


1.0 


2typ. 


150 @ 1mA 


2 


Low Vos 


IT130A 


TO-78 
10-71 


1 


3 


200 


2.5 


-45 


1.0 


2typ. 


t50 @ 1mA 


2 


Low Vos 


IT131 


TO-78 
Tp-71 


3 


10 


80 


25 


-45 


1.0 


2typ. 


150 @ 1mA 


2 


Low Cost 


IT132 


TO-78 
TO-71 


5 


20 


80 


25 


-45 


1.0 


2typ. 


150 @ 1mA 


2 


Low Cost 


IT136 


TO-78 
TO-71 


1 


3 


150 


2.5 


-60. 


0.1 


2typ. 


250 @ 10mA 


4 


Low Vos 


11137 


TO-78 
TO-71 


2 


5 


150 


5 


-60 


0.1 


2typ. 


250 @ 10mA 


4 


Low Vos 


IT138 


TO-78 
TO-71 


3 


10 


100 


10 


-55 


0.1 


2typ. 


250 @ 10mA 


4 


Low Vos 


IT139 


TO-78 
TO-71 


5 


20 


70 


20 


-45 


0.1 


2typ. 


250 @ 10mA 


4 


Low Vos 



Note: 

1 tc = "'0/iA, VcE^5V 
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3. ANALOG SWITCH & MULTIPLEXERS 



General Purpose Analog Switch Selector Guide 



SWiTCH u: 
FAMILY 


SPRCiAL- 
FEATURES 


SWITCH 
TYPE 


SWITCJ 


^ PARAMETER 


1 


"«gS£5» 


(^^"mTx) 


(nsMax) 


toFF 
(ns Max) 


ANALOG 

VOLTAGE 

RANGE 

(V6UPPLY=*15V) 


DG118-125 


Invertlng/non-lnver- 
ing logic Inputs ' 


PMOS 


600 
600 




300 
300 


1000 
1000 


- 


DG126-54 
DG139-164 


fePST/DP^T 
SPDT/DPDT switch 

Capability, low Rds(ON) 
TTL compatible 


NJFET 


10 
16 
30 
50 
80 


10 
10 


1000 
1000 
600 
600 
600 


2500 
2500 
1600 
1600 
1600 


- 


DG180-191 


Mature, industry- 
standard switch^ 
•ow Rds(ON) 


N-JFET 


10 
30 
75 


10 


300 
150 
250 


250 
130 
130 


-7.5 to +15 
-7.5 to +15 
-10 to +15 


DGM181-191 


Monolithic replace- 
ment for DG180 family 


CMOS 


50 
75 


2.0 
0.5 


250 
450 


200 
250 


-15 to +15 
-15 to +15 


DG200/201 
IH5200/5201 


Industry-standard 
low cost 


CMOS 


70/80 
70/80 


2.0 
0.05 


1000 
700 


500 
250 


-15 to +15 
-15 to +15 


0G211* 
DG212 * 


Low leakage, 
Inverting logic inputs 


CMOS 


176 


5.0 


1000 


500 


-15 to +15 


IH5025-38 


Low cost, low leakage. 
p.C. TTL compatible 


P-JFET 


100 
150 
100 
150 


0.5 
0.5 
0.5 
0.5 


200 

200 

200 

. 200 


200 
200 
200 
200 


to +20 

to +20 

,^ to +20 

Oto +20 


IH5040-53 


Low quiescent current 
Low Rds(ON) 


CMOS 


35 
75 ' 


1.0 
1.0 


250 
500 


150 
250 


-15to+15 
-15 to +15 


IH514a45 


High speed, low 
power, low leakage 


CMOS 


50 


0.05 


100- 
200 


75- 
125 


-15 to +14 


IH$148-S1 * 


Low Rds(ON)> high 
speed, low power 


CMOS 


25 


0.05 


250- 
500 


200- 
250 


-14 to +14 


IH6201/ 
IH401/A 


TTL level translator/low 
charge injection switch 


N-JFET 


30-50 


0.05 


456 




~ 



*New Product 
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3. ANALOG SWITCH & MULTIPLEXERS 



IDH 



General Purpose Analog Switch Selector Guide. (Continued) 










SWITCH CONFIGURATION 


SPST 


DUAL 
SPST 


TRIPLE 
SPST 


QUAD 
SPST 


FIVE 
SPST 


SPDT 


DUAL 
SPDT 


DPST 


DUAL 
DPST 


DPDT 


4PST 








DG118 


DG123 
DG125 
















DG141 
DG151 
DG133 
DG152 
DG134 








DG146 
DG161 
DG144 
DG162 
DG143 






DG140 
DG163 
DG129 
DG154 
DG126 


DG145 
DG163 
DG139 
DG164 
DG142 






DG180 
DG181 
DG182 








DG186 
DG187 
DG188 


DG189 
DG190 
DG191 




DG183 
DG184 
DG185 








OGM182 








DGM187 
DGM188 


DGM190 
DGM191 




DGM184 
DGM185 








DG200 
IH5200 




DG201 
IH520t 






















DG211 
DG212 
















IH5037 
IH5038 


IH5033 
IH5034 
IH5035 
IH5036 


IH5029 
IH5030 
IH5031 
IH5032 


IH5025 
IH5026 
IH5027 
IH5028 


" 














IH5040 


IH5048 
IH5041 




IH5052 
IH5053 




IH5042 


IH5051 
IH5043 


IH5044 


IH5049 
IH5045 


IH5046 


IH5047 


IH5140 


IH5141 








IH5142 


IH5143 


IH5144 


IH5145 








IH5148 








IH5150 


IH5151 




IH6149 












IH401 
iH401A 

















3. ANALOG SWITCH & MULTIPLEXERS 



Special Purpose Analog Switch 



i 



iXM 



SWITCH 
FAMILY 


' SPECIAL 
FEATURES 


SWITCH 
TYPE 


''DS(ON) 
(Q Max) 


(nA Max) 


tON 
(ns Max) 


tOFF 
(ns Max) 


ANALOG 
VOLTAGE 
RANGE 
(VSUPPLY=±15V) 


SWITCH CONFIGURATION 


SPST 


DUAL 
SPST 


TRIPLE 
SPST 


QUAD 
SPST 


IH5009-24 


Lowest cost, virtual 
ground switch 


P-JFET 


100 
150 
100 
150 


0.2 
02 
0.2 
0.2 


500 
500 
500 
500 


500 - 
500 
500 
500 


-0.2 to +0.2 
-0.2 to +0.2 
-0.2 to +0 2 
-0 2 to +0 2 


IH5021 
IH5022 
IH5023 
IH50^4 


IH5017 
IH5018 
IH5019 
IH5020 


IH50t3 
IH5014 
IH5015 
IH5016 


IH5009 
IH5010 
IH5011 
IH5012 


IH5341/52* 


Video Switch, off- 
isolation 60 dB (10 MHz) 


CMOS 


75 


1.0 


300 


150 


-15 to +15 




IH5341 




*IH5352 



New Product 



Multiplexers 



SWITCH 
FAMILY 


SPECIAL FEATURES 


rpsoN) 
{Q Max) 


(nA Max) 


tON 

(ns Max) 


*OFF 

(ns Max) 


ANALOG 
VOLTAGE 
RANGE 
VsUPPLY = 
(±15V) 


CONFIGURATION 


8-CHANNEL 
SINGLE- 
ENDED 


4-CHANNEL 
DIFFER- 
ENTIAL 


16-CHANNEL 
SINGLE- 
ENDED 


6-CHANNEL 

DIFFER- 

ENITAL 


IH5108 


Industry standard 
pinouts, fault 
prbtection up to 
±25V input, 
low leakage, 
low input current 


900 


1.0 


1500 


1000 


-25 to +25 
(Input) 


IH5108 


IH5208 






1000 


1.0 


1500 


1000 


-25 to +25 
(Input) 






*IH5116 


*IH5216 


IH6108 


Industrial standard 
pinouts, low leakage, 
low Rds(ON) break 
before make switching 


300 


1.0 


1500 


1000 


-14 to +14 


IH6108 


IH6208 






600 


1.0 


1500 


1000 


-14 to +14 






IH6116 


IH6216 



Drivers for JFET Switches 



TYPE 


NUMBER OF 
CHANNELS 


OUTPUT SWING 


*0N 
(ns Max) 


tOFF 

(ns Max) 


hNL 
(mA Max) 


'iNH 
(/iA Max) 


LOGIC 
INPUT 
LEVEL 


POWER 

CONSUM- 

(mW) 


POSITIVE 
(VMax) 


NEGATIVE 
(VMax) 


D123 
D125 
D129 
IH6201 


6 
6 
4 
2 


VsuPPLY 
^SUPPLY 
VsUPPLY 
+ 140 


-197 
-197 
-193 
-14.0 


250 
250 
250 
200 


400-800 
400-800 
1000 
300 


10 
700 
200 
10 


10 
1.0 
25 
1.0 


TTUDTL 
TTL 

TTUDTL 
TTL 


20 
50 
55 
350 
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4. AMPLIFIERS 



Operational Amplifiers: Low Power 



i> 







'oUIESCBn' 












TEMPERATURE 


TYPE 


DESCRIPTION 


(pSrchimi) 


^SUPPLY 


(itiV^ax) 


(bias 


QBW 


COMPEN- 


RANGE 






OiATyp) 


(VMax) 


(iiAMax) 


OMHai) 


SATION 


CO) 




ICL7611 


CMOS, Selectable Iq 


10 


±9 


2.5,15 


0.05 


0.044 


INT 


to +70 


s 


ICL7612 


CMOS, Extended CMVR 


10 


±9 


2,5,15 


0.05 


0.044 


INT 


[ -55 to +125 





ICL7613 


CMOS, Input Protected 


10 


±9 


2. 5, 15 


0.05 


0.044 


INT 




M 


ICL8021M 


Bipolar, Selectable 10 


30 


±18 


3 


20 


0.27 


INT 


-55 to +125 




ICL8021C 


Bipolar, Selectable Iq 


30 


±18 


6 


30 


0.27 


INT 


Oto +70 


i 


ICL8022M 


Dual 8021M 


30 


±18 


3 


20 


0.27 


INT 


-55 to +125 


ICL8022C 


Dual 8021C 


30 


±18 


6 


30 


0.27 


INT 


to +70 




ICL7631 


CMOS, Selectable Iq 


10 


±9 


5, 10. 20 


0.05 


0.044 


INT 


{ to^+70 
{ -55 to +125 


ICL7632 


CMOS, Selectable Iq 


10 


±9 


5, 10, 20 


0.05 


0.044 


NONE 


S 


ICL8023M 


Triple 8Q21M 


30 


±18 


3 


20 


0.27 


INT 


-55 to +125 


H . 


ICL8023C 


Triple 8021C 


30 


±18 


6 


30 


0.27 


INT 


to +70 


1 


ICL7642 


CMOS, Fixed Iq 


10 


±9 


5, 10, 20 


0.05 


0.044 


INT 


) to +70 
/ -55 to +125 



Operational Amplifiers: General Purpose 











SLEW 








TEMPERATURE 


TYPE 


DESCRIPTION 


Vos 


Ibias 


RATE 


GBW 


COMPEN- 


VSUPPLY 


RANGE 






(mVMax) 


(pAMax) 


(V/mS) 


(MHz) 


SATION 


(VMax) 


CC) 




LM108 


Bipolar, Super-Beta 


2.0 


2000 


.^ 


1.0 


&a 


±20 


-55 to +125 


i 


LM308 


Bipolar, Super-Beta 


7.5 


7000 


— 


1.0 


EXT 


±18 


Oto +70 
J Oto +70 
]-55to +125 


ICL7611 


CMOS, Selectable Iq 


2, 5, 15 


50 


1.6 


1.4 


INT 


±9 


















iCL8007M 


JFET Input Op-Amp 


20 


20 


6 


1.0 


INT 


±18 


-55 to +125 




ICL8007C 


JFET Input Op-Amp 


50 


50 


6 


1.0 


INT 


±18 


Oto +70 


LH2108 


Bipolar, Super-Beta 


2.0 


2000 





1.0 


EXT 


±20 


-55 to +125 


to 


LH2308 


Bipolar, Super-Beta 


7.5 


7000 


— 


1.0 


EXT 


±18 


Oto +70 


< 


ICL7621 


CMOS, Fixed Iq 


2. 5, 15 


50 


0.16 


0.48 


INT 


±9 


i to +70 
}-55to +125 


n 




















ICL8043M 


JFET Input Op-Amp 


20 


20 


6 


1.0 


INT 


±18 


-55, to +125 




I0L8043C 


JFET Input Op-Amp 


50 


50 


6 


1.0 


INT 


±18 


to +70 


i 


ICL7631 


CMOS, Selectable Iq 


5, 10, 20 


50 


1.6 


1.4 


INT 


±9 


J to +70 
}-55to +125 


■P^ 




' / 














i 


ICL7641 


CMOS, Fixed Iq 


5, 10, 20 


50 


1.6 


1.4 


INT 


±9 


( to +70 
}-55to +125 



















Operational Amplifiers: High Output Current 



















TEMPRATURE 


TYPE 


DESCRIPTION 


'out 


VOUT 


VsUPPLY 


Vos 


■bias 


AvOL 


RANGE 






(A Min) 


(VMIn) 


(VMax) 


(mV Max) 


(nAMax) 


(dBTyp) 


CC) 




ICH8510M 


Hybrid Amplifier 


1.0 


±26 


±32 


3.0 


250 


100 


-55 to +125 




ICH8510I 


Hybrid Amplifier 


1.0 


±26 


±32 


6.0 


250 


100 


-25 to +85 


^ 


ICH8515M 


Hybrid Amplifier 


1.5 


±12 


±18 


3.0 


250 


100 


-55 to +125 


o 


ICH8515I 


Hybrid Amplifier 


1,25 


±12 


±18 


6.0 


50 


100 


-25 to +85 


z 

m 


ICH8520M 


Hybrid Amplifier 


2.0 


±26 


±32 


3.0 


250 


100 


-55 to +125 


ICH8502I 


Hybrid Amplifier 


2.0 


±26 


±32 


6.0 


500 


100 


-25 to +85 




ICH8530M 


Hybrid Amplifier 


2.7 


±25 


±32 


3.0 


250 


100 


-55 to +125 




ICH8530I 


Hybrid Amplifier 


2.7 


±25 


±32 


6.0 


500 


100 


-25 to +85 
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4. AMPLIFIERS 




Operational Amplifiers: Low/Ultra-low Ihput Offset Voltage 



TYPE 


DESCRIPTION 


(mVmIx) 


AVos/AT 
OiV/^C) 
(Max) 


AVos/At 

(nV/month) 

cryp) 


'bias 
(PAmSx) 


QBW 
(MHz) 


'#ISS^ 


TEMPERATURE 
RANGE 

rc) 


i 


ICL7650C 
ICL7650I 
ICL7650M 

ICL7652C 
ICL7652I 
LM108A 
LM308A 


CMOS, Chopper- 
stabilized 
CMOS, Chopper- 
stabilized 
Low-noise 7650C 
Low-noise 76501 
Bipolar, Super-Beta 
Bipolar, Super-Beta 


±5 
±5 
±5 

±5 
±5 
500 
500 


±0.05 
±0.05 
±0.05 

±0.05 
±0.05 

5.0 

5.0 


100 
100 
100 

100 
100 


10 . 
10 

to 

30 

30 
2000 
7000 


2.0 
2.0 
2.0 

2.0 
2.0 
1.0 
1.0 


±9 
±9 
±9 

±9 
±9 
±20 
±18 


to +70 
-25 to +85 
-:55to+125 

. Oto+70 
-25 to +85 
-55 to +125 
to +70 


I 


LH2108A 
LH2308A 


Bipolar, Super-Beta 
Bipolar, Super-Beta 


500 
500 


5.0 
5.0 


— 


2000 
7000 


1.0 
1.0 


±20 
±20 


-55 to +125 
to +70 



Operational Amplifiers: Low Input Bias Current 



TYPE 


DESCRIPTION 


'bias 
(pAMax) 


(pATyp) 


(mV Max) 


GBW 
(MHz) 


COMPEN- 
SATION 


■ "■ 


TEMPERATURE 
RANGE 




ICL7611 


CMOS, Selectable Iq 


50 


0.5 


2, 5, 15 


1.4 


INT 


±9 


\ 




ICL7612 


CMOS. Extended CMVR 


50 


0.5 


2, 5, 15 


1.4 


INT 


±9 


/ to +70 




ICL7613 


CMOS, Input Protected 


50 


0.5 


2, 5, 15 


1.4 


INT 


±9 


\ ^ 




ICL7614 


CMOS, Fixed Iq 


50 


0.5 


2, 5, 15 


0.48 


BCT 


±9 


\ -55 to +125 


1 


ICL7615 


CMOS, Input Protected 


50 


0.5 


2,5.15 


P.48 


EXT 


±9 


} 




ICLB007M 


JFET Input Op-Amp 


20 


0.5 


20 


1.0 


INT 


±18 


-55 to +125 


ICL8007AM 


J PET Input, Low Bias 


4.0 


0.2 


30 


1.0 


INT 


.;t18 


-55 to +125 


' 


ICL8007C 


JFET Input Op-Amp 


50 


0.5 


50 


1.0 


INT 


±18 


to +70 




ICL8CX)7AC, 


JFET Input. Low Bias 


4.0 


0.2 


30 


1.0 


INT 


±18 


tQ +70 




ICH8500 


PMOS Input 


0.1 


— 


50 


0.7 


INT 


±18 


-25 to +85 




ICH8500A 


f^MOS Input, Low Bias 


0.01 


~ 


50 


0.7 


INT 


±18 


-25 to +85 




ICL7621 


CMOS, Fixed Iq 


50 


0.5 


2, 5, 15 


0.48 


INT 


±9 


1 to +70 


i 


ICL7622 i 


CMOS, Offset Null Pins 


50 


0.5 


2, 5, 15 


0.48 


INT 


±9 


j -55to +125 


5 


ICL8043M 


JFET Input Op-Amp 


20 


0.5 


20 


1.0 


INT 


±18 


-55 to. +125 




ICL8043C 


JFET Input Op-Amp 


50 


0.5 


' 50 


1.0 


INT 


±18 


to +70 




ICL7631 


CMOS, Selectable Iq 


50 


0.5 


5,10,20 


1.4 


INT 


±9 . 


) to +70 


1^ 


ICL7632 


CMOS. Selectable Iq 


50 


0.5 


5, 10, 20 


1.4 


NONE 


±9 


/ -55 to +125 


1 


ICL7641 


CMOS, Fixed Iq 


50 


0.5 


5, 10, 20 


1.4 


INT 


±9 


) to +70 


ICL7642 


CMOS, Fixed Iq 


50 


0.5 


5, 10. 20 


0.044 


INT 


±9 


/ -56 to +125 



4. AMPLIFIERS 



IfllL 



Commutating Auto-Zero (CAZ) Instrumentation Amplifiers 



TYPE 


DESCRIPTION 


Vos 

O^VMax) 


AVos/AT 

OtWC) 

(Max) 




(bias 
(pA Max) 


SIGNAL 
BANDWIDTH 
(Hz Max) 


AvOL 
(dBTyp) 


TEMPERATURE 

RANGE 

CC) 


»CL7605C 
ICL7605I 
ICL7605M 


CMOS, Compensated 
CMOS, Compensated 
CMOS, Compensated 


5.0 
5.0 
5.0 


0.2 
0.2 
0.2 


40 
40 
40 


1500 
1500 
1500 


10 
10 
10 


105 
105 
105 


to +70 
-25 to +86 
-55 to +125 


ICL7606C 

ICL7606I 

ICL7606M 


CMOS, Uncompensated 
CMOS, Uncompensated 
CMOS, Uncompensated 


5.0 
5.0 
5.0 


0.2 
0.2 
0.2 


40 
40 
40 


1500 
1500 
1500 


10 
10 
10 


105 
105 
105 


to +70 
-25 to +85 
-55 to +125 



Log/Antllog Amplifiers 



TYPE 


DESCRIPTION 


ABSOLUTE 
ERROR 
(mV Max) 


Vos 

(mV Max) 


AVout/AT 

(mV/»C) 

(Typ) 


DYNAMIC 

RANGE 

(dB) 


OUTPUT 

SWI^G 

(VTyp) 


VSUPPLY 
(VMax) 


TEMPERATURE 
RANGE 
CC) 


ICL8048BC 
ICL8048CC 


Logarithmic Amplifier, 
1V/Decade Output 


30 
60 


25 
50 


0.8 
0.8 


1?0 
120 


±14 
±14 


±18 
±18 


to +70 
to +70 


ICL8049BC 
ICL8049CC 


Antilog Amplifier 
IV/Decade Input 


10 
25 


25 
50 


0.38 
0.55 


60 
60 


±14 
±14 


±18 
±18 


to +70 
to +70 



Power Transistor Drive Amplifiers 



TYPE 


DESCRIPTION 


•out 
(mA Min) 


VoUT 
(VMIn) 


Vos 

(mV Max) 


AvoL 
(V/V) 


SUPPLY 
CURRENT 
(mA Max) 


VsUPPLY 
(VMax) 


TEMPERATURE 

RANGE 

CC) 


ICL8063M 
ICL8063C 


Bipolar Monolithic 
Driver Amplifier 


+50/-25 
+40/ -20 


±27V 
±27V 


50 
75 


6 
6 


6 

7 


±35 
±35 


-55 to +125 
to +70 



Video Amplifiers 



TYPE 


DESCRIPTION 


Av 
(V/V) 


SIGNAL 

BANDWIDTH 

(MHz) 


Voo 
(VMax) 


■bias 

OiAMax) 


OtV RMS) 


VsUPPLY 
(VMax) 


TEMPERATURE 

RANGE 

CC) 


NE592 
SE592 


Bipolar, Programmable 
gain amplifier 


100/400 
100/400 


90/40 
90/40 


0.75 
0.75 


30 
20 


12 
12 


±8 
±8 


to +70 
-55 to +125 



5. SPECIAL ANALOG FUNCTIONS 



Power Supply Circuits (CIMOS) 



TYPE 


FUNCTION 


DESCRIPTION 


TEMPERATURE 
RANGE (»C) 


ICL7660 


Voltage Converter 


The ICL7660 performs supply voltage conversion from positive to negative. Input 
range Is + 1.5V to +10V resulting in complementary output voltages of -1.5V to -10V. 


to +70 
-55 to -1-125 


ictrmz* 


Voltage Converter 


This device is similar to the ICL7660 in its operation, except the input voltage range 
extends from +4.5V to +20.0V. 


to -f70 
-55 to -H25 


ICL7663 


Positive Voltage 
Regulator 


The ICL7663 is A low-power, high-efficiency device (lQ = 4/tA max) that accepts an input 
of 1 to 10V, and provides an adjustable output of 1 to 10V at up to 40mA load. 


0to-H70 


ICL7664 


Negative Voltage 
Regulator 


The ICL7664 is similar In operation to the ICL7663, except that it accepts an input of -1 
to -10V and provides an adjustable output of -1 to -10V at up to -40mA load. 


to -1-70 


1017073* 


Automatic Battery- 
Backup Switch 


The ICL7673 automatically switches between a main power supply (eg. -i-5V) and a 
battery backup supply, when the main supply is removed. Load current is to 38mA. 


to -f70 
-25 to -f85 



*New Product 



Sample and Hold Cirquits 



TYPE 


DESCRIPTION 


V.NPUT 
(VMax) 


ACQUISITION 
TIME 


CHARGE 
INJECTION 
ERROR (mV) 


{^ 


DRIFT 
RATE 
(mV/sec) 


KrX^^ 


TEMPERATURE 
RANGE 


IH5110 
IH5111 
IH5112 
IH5113 
IH5114 
IH5115 


General purpose 
Sample/Hold Circuit, 
TTL Compatible 
Hold input 


±7.5 

±10.6 

±7.5 

±10.0 

±7.5 

±10.0 


6 
6 
6 
6 
6 
6 


5 
5 
5 
5 
5 
5 


40 

40 

10 

10 

5 

5 


5 
5 
6 
5 
5 
5 


±16V 
±16V 
±16V 
±16V 
±16V 
±16V 


-25 to +85 

& 
-55 to +125 



IPECIAL ANALOG FUNCTIONS 



SSi 



Temperature Transducers 











TEMPERATURE 


TYPE 


DESCRIPTION 


ACCURACY 


VSUPPLY 


RANGE 






CC) 


(V) 


(•C) 


AD590I 


The AD590 is a 2-wire, 


±10 


4 to 30 


-55 to +150 


AD590J 


current-output 


±5.0 


4 to 30 


-55 to +150 


AD590K 


temperature transducer. 


±2.5 


4to30 


-55 to +150 


AD590L 


Output current 


±1.0 


4 to 30 


-55 to +150 


AD590M 


varies linearly at 1f*A/»K. 


±0.5 


4 to 30 


-55 to +150 



Voltage References and Detectors 



TYPE 


FUNCTION 


DESCRIPTION 


TEMPERATURE 
RANGE (-C) 


ICL7665 


Programmable 
Micropower 
Voltage Detector 


Contains two individually programmable voltage comparators, and requires only 
3^ supply current, intended for battery operated systems that require 
low or high voltage warnings etc. Open drain outputs for Interfacing. 


Oto +70 


ICL8069 


Low Voltage 
Reference 


A 1.20V temperature compensated bandgap voltage reference. 

It achieves excellent stability and low noise at currents as low as QOfiA. 


Oto +70 
-55 to +125 


ICL8211 


Programmable 
Voltage Detector 


The ICL8211 is a micropower voltage detector. It contains a 1.15V reference, a 
comparator, a hysteresis output and a non-inverting main-output. 


to +70 
-55 to +125 


ICL8212 


Programmable 
Voltage Detector 


The ICL8212 is similar in operation to the ICLfi211 except that its main output 
is inverting as opposed to non-inverting. 


Oto +70 
-55 to +125 



Miscellaneous Circuits 



TYPE 


FUNCTION 


DESCRIPTION 


TEMPERATURE 
RANGE CO 


ICM7206 


CMOS Touch 
Tone* Encoder 


The ICM7206 is a 2-of-8 sine wave DTMF generator for use in telephone dialing systems. 
Requires a 3.58 MHz crystal & will work with 3 x 4 or 4 x 4 keypads. 


-40 to +85 


ICL7667 


Dual Power 
MOSFET Driver 


The ICL7667 is a TTL-compatible high-speed CMOS driver designed to provide high 
output current (K.SA) and voltage (up to + 15V) for driving the gates of power MOSFETs. 


Oto +70 
-55 to +125 


ICL8013 


4-Quadrant 
Analog Multiplier 


The ICL8013 is a bipolar 4-quadrant multiplier. The output is proportional to the 
product of two input voltages. An internal op-amp Is included for level shifting. 


Oto +70 
-55 to + 125 


ICL8038 


Precision Waveform 
Generator 


The ICL8038 is a bipolar function generator and is capable of producing high accuracy 
sine, square and triangular waveforms. Frequency range is 0.001 Hz to 300 kHz. 


to +70 
-55 to +125 



*New Product 
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6. DATA ACQUISITION 



Integrating Analog-to-Digital Converters with Display Drivers (CMOS) 



type 


ACCURACY 
SPECIAL 
FEATURES 


DISPLAY 
TYP^ 


CONVER- 
SIONS/SEC 


INPUT 
VOLTAGE 
RANGES 


NON LIN- 
EARITY 


ROLLOVER 
ERROR 


STABILITY 

ZERO INPUT 

DRIR 


SUPPLY 

Vsupply' 
•supply 


TEWP 

RANGE 

CQ) 


^ 
A 


ICL7106 


Low Cost 


LCD, 7' 
Segment 
Direct Drive 


0.1 to 15 


Oto ±0a2V 
to ±2.0V 


±1 Count 


±1 Count 


VV/?C 


+9V (Typ) 
1.8 mA (Max) 


to +70 


ICL7107 


Low Cost 


LED, 7- 
Segment 
Common Anode 


0.1 to 15 


to ±0.2V' 
to ±2.0V 


±1 Count 


±1 Count 


1/iV/'C 


±5V (Typ) 
1.8 mA (Max) 


to +70 


ICL7116 


Display Hold 
Input 


LCD, 7- 
Segment 
Direct Drive 


0.1 to 15 


to ±0.2V 
to ±2.0V 


±1 Count 


*1 Count 


VV/'C 


+9V (Typ) 
i.8 mA (Max) 


Oto +70 


ICL7117 


Display Hold 
Input 


LED, 7- 
Segment 
Common Anode 


0.1 to 15 


to ±0.2V 
Oto ±2.0V 


±1 Count 


±1 Count 


VV/'C 


±5V(Typ) 
i.8 mA (Max 


Oto +70 


ICL7126 


Low Power 
Operation 


LCD, 7- 
Segment 
Direct Drive 


0.1 to 4 


to ±0.2V 
Oto ±2.0V 


±1 Count 


±1 Count 


VV/'C 


+9V(Typ) 
100 ,iA (Max) 


Oto +70 


ICL7136 


Improved 7126, 
Low Power 
Operation 


LCD 7- 
Segrtient 
Direct Drive 


0.1 to 4 


to ±0.2V 
to ±2.0V 


±1 Count 


±1 Count 


VV/'C 


+9V (Typ) 
100 nA (Max) 


Oto +70 


ICL7137 


Improved 7107, 
Low Power 
Operation 


LED 7- 
Segment 
Common Anode 


0.1 to 4 


to ±0.2V 
to ±2.0V 


±1 Count 


±1 Count 


VV/'C 


±5V (Typ) 
200 nA max 


to +70 


^ 

•* 


ICL7129 


Range, Display- 
Hold & Decimal 
Point Inputs 


LCD, 7- 

Segment 

Triplexed 


2 


to ±0.2V 
to +2.0V 


±1 Count 


0.5 Count 
(typ) 


±0.5mV/'C 

(typ) 


+9V(Typ) 
1.4 m A (Max) 


to +70 
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6. DATA ACQUISITION 



IDIL 



Integrating Analog-to-Digital Converters (CMOS) 












TYPE 


SPECIAL 
FEATURES 


DIGITAL 
OUTPUT 
FORMAT 


CONVER. 

SIGNS PER 

SECOND 


INPUT 
VOLTAGE 
RANGES 


NON 
UNEARTTY 


ROLLOVER 
ERROR 


STABILITY 

ZERO INPUT 

DRIFT 


SUPPLY 
^SUPPLY 

•supply 


TEMP 

RANGE 

CC) 




ICL7135 


Under & over 
range outputs, 
polarity output 


Multiplexed 
BCD with 
strobes 


0.1 to 7.5 


to ±0.2V 
Oto ±2.0V 


±1 Count 


±1 Count 


2mV/'C 


±5V (Typ) 
3.0 mA (Max) 


to -I- 70 


T- 


ICL7109 


/xP-Compatlble, 
run/hold input, 
UART Handshake 


8/4 Bits, 
Separate 
Enables 


30 (Max) 


Oto ±4.0V 
Oto ±3.5V 


±1 Count 


±1 Count 


VV/'C 


:fe5V(Typ) 
1.5 mA (Max) 


Oto -»-70 
-25 to +85 
^55 to -1-125 


ICL7104-12 
ICL8052 


MP-Compatible, 
2-Chip Set, Low 
Input Leakage 


8/4 Bits, 
Separate 
Enables 


48.8 (Max) 


±10V 


+1LSB 


-1-1 LSB 


Sfiwrc 


-J-5V and 

± 15V (Typ) 

1.0 mA (Max) 


to ■♦-70 


ICL7104-12 
ICL8068 


/iP-Compatibie, 
2-Chip Set, Low 
Input Noise 


8/4 Bits. 
Separate 
Enables 


48.8 (Max) 


±10V 


4-1 LSB 


-H LSB 


5/xV/»C 


-I-5V and 

± 15V (Typ) 

1.0 mA (Max) 


Oto -J- 70 


g 

4 


ICL7104-14 
ICL8052 


/iP-Compatible, 
2-Chip Set, Low 
Input Leakage 


8/4 Bits, 
Separate 
Enables 


12.2 (Max) 


±10V 


-hi LSB 


-H LSB 


2^V/"'C 


-»-5V and 

±15V(ryp) 

1.0 mA (Max) 


Oto -1-70 


ICL7104-14 
ICL8068 


/iP-Compatible, . 
2-Chip Set, Low 
Input Noise 


8/4 Bits, 
Separate 
Enables 


12.2 (Max) 


±10V 


-ULSB 


+ 1LSB 


2mV/X 


-^5V and 

± 15V (Typ) 

1.0 mA (Max) 


to -f-70 


s 


ICL7104-16 
ICL8052 


^P-Compatible, 
2-Chip Set, Low 
input Leakage 


8/8 Bits, 
Separate 
Enables 


3 (Max) 


±10V 


-1-1 LSB 


-t-ILSB 


2fNrC 


-t-5V and 
± 15V (Typ) 
1.0 mA (Max) 


to +70 


0.7104-16 
ICL8068 


iiP-Compatible, 
^2-Chip Set, Low 
Input Noise 


8/8 Bits, 
Separate 
Enables 


3 (Max) 


±10V 


-1-1 LSB 


■♦-1 LSB 


2fiWC 


■i-5V.and 

± 15V (Typ) 

1.0 mA (Max) 


to +70 



Successive Approximation Analog-to-Digital Converters (CMOS) 



TYPE 


SPECIAL 
FEATURES 


DIGITAL 
OUTPUT 
FORMAT 


CONVERSION 
SPEED iio) 


INPUT 

VOLTAGE 

RANGE 


OVERALL 
ACCURACY 


TOTAL 
ERROR 


GAIN 
TEMP. 
COEFF. 


SUPPLY 
VSUPPLY/ 
•siUPPLY 


TEMP 
RANGE 




ADC0802 


MP-Compatlble, 

Differential 

Inputs 


8-Bit 
Binary 


114 
(Max) 


to +5.0V 


- 


±V2 LSB 
(Unadjusted) 


- 


+5V(Typ) 
Z5mA(Max) 


Oto +70 
-40 to +85 
-55 to +125 


ADC0803 


/iP^^ompatible, 

Differential 

Inputs 


8-Bit 
Binary 


114 
(Max) 


to +5.0V 


- 


±Vz LSB 
(Adjusted) 


- 


+5V(Typ) 
Z5mA(Max) 


to +70 
-40 to +85 
-55 to +125 


ADC0804 


MP-Compatlbie, 

Differential 

Inputs 


8-Bit 
Binary 


114 
(Max) 


to +5.0V 


- 


±11.SB 
(Unadjusted) 


- 


+5V(Typ) 
25 mA (Max) 


to +70 
-40 to +85 
-55 to +125 


m 

i 


ICL7115- 
J/K 


AiP-Compatlble, 
High Speed 
Converter 


8/6 Bits 
AoByte 
Enable 


40 
(Max) 


to +5.0V 
to -5.0V 


0.01% (J) 
0.006% (K) 


+1 LSB 


4 ppm/'C 


+5V (Typ) 
5 mA (Typ) 


Oto +70 
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6. DATA ACQUISITION 



Digital-to-Analog Converters (CMOS) 














TYPE 


SPECIAL 
FEATURES 


DIGITAL 

INPUT 

FORMAT 


SETTLING 
TIME 

(TO 

0.05% FS) 


OUTPUT 
VOLTAGE 
CURRENT 


NON LIN- 
EARITY 


GAIN 
ERROR 


STABILITY 
GAIN 

LiNERTTY 


SUPPLY 
VsuPPLY 

•supply 


TEMP 

RANGE 

(*C) 


i 


AD7523 


MP-Compatible, 
Low Power 
Multiplying OAC 


Binary/ 
Offset 


200 ns 
(Max) 


±Vref a 
10KQ 
(Max) 


0.2% (J AS) 
0.1%(K.B,T) 
0.05% (UC,U) 


1.5% (Max) 


10ppm/*C 
2 ppm/'C 


+15V(Typ) 
IOOmA (Max) 


to +70 
-25 to +85 
-55 to +126 


' 


AD7520 


MP-Compatlble, 
8, 9, 10 Bit Lin. 
Multiplying DAC 


Binary/ 
Offset 
Binary 


500 ns 
(Typ) 


±Vref a 
10KQ 
(Max) 


0.2% (J,A,S) 
0.1%(K,B,T) 
0.05%(L,C,U) 


0.3% (Typ) 


10 ppm/'C 
2 ppm/*C 


+ 15V (Typ) 
2 mA (Max) 


to +70 
-25 to +85 
-55 to +125 


AD7530 


Same as 7520 
But no leakage 
/feed thru specs 


Binary/ 
Offset 
Binary 


500 ns 
(Typ) 


±Vref a 
lOKft 
(Max) 


0.2% (J,A.S) 
0.1%(K,B,T) 
0.05% (L,C,U) 


0.3% (Typ) 


10 ppm/'C 
2 ppm/'C 


+ 15V (Typ) 
2 mA (Max) 


to +70 
-26 to +85 
-55 to +125 


AD7533 


MP-Compatible, 
Lowest Cost 
10*lt DAC 


Binary/ 
Offset 
Binary 


600 ns 
(Typ) 


±Vref a 
10Kd 
(Max) 


0.2% (J,A,S) 
0.1%(K,B,T) 
0.05% (L,C,U) 


1.4% (Max) 


10 ppm/'C 
2ppm/X 


+ 15V (Typ) 
2 mA (Max) 


Oto +70 
-25 to +85 
-55 to +125 


i 


AD7521 


MP-Compatible, 
8, 9, 10 Bit Lin. 
Multiplying DAC 


Binary/ 
Offset 
Binary 


500 ns 
(Typ) 


±Vref a 
10KQ 
(Max) 


0.2% (JAS) 
0.1% (K,B,T) 
0.05% (L,C,U) 


0.3% (Typ) 


10 ppm/-C 
2 ppm/«C 


+ 15V (Typ) 
2 mA (Max) 


to +70 
-25 to +85 
-55 to +125 


AD7531 


Same as 7521 
But no ledkage 
/feed thru specs 


Binary/ 
Offset 
Binary 


500 ns 
(Typ) 


±Vref a 
10KQ 
(Max) 


0.2% (J.A.S) 
0.1%(K.B,T) 
0.05% (L,C.U) 


0.3% (Typ) 


10 ppm/'C 
2 ppm/*C 


+ 15V (Typ) 
2 mA (Max) 


to +70 
-25 to +85 
-55 to +125 


AD7541 


MP-Compatlble, 
High perform- 
ance DAC 


Binary/ 
Offset 
Binary 


1mS 
(Max) 


±Vref a 
10K0 
(Max) 


0.02% (J,A,S) 
0.p1%(K,B,T) 
0.01%(L.C,U) 


0.3% (Max) 


2 ppm/'C 


+ 15V (Typ) 
2 mA (Max) 


to +70 
-25 to +85 
-65 to +125 


! 


AD7134 


MP-O^mpatible, 
Low power 
Multiplying DAC 


Binary/ 

2's 

Complement 


3^ 
(Max) 


±Vref a 

7Ka 

(Max) 


0.1% (JAS) 
O0)6%(K,B,T) 
0.003% (UCU) 


0.02% (J) 
0.012% (K) 
0.006% (L) 


5ppm/'C 
1 ppm/"C 


+5V(Typ) 
0.5 mA (Max) 


to +70 
-25 to +85 
-55 to +125 



Quad Currient Switches For D/A Conversion (Singles or Matched Pairs) 



TYPE 


DESCRIPTION 


ABSOLUTE 
ERROR 
(% Max) 


ERROR 

TEMPCO. 

(PPM/«C Max) 


te^ 


(^^'S&'x, 


TEMPERATURE 
RANGE 


ICL8Q18A 
ICL8019A 
ICL8020A 


High precision current 
switches for use in 
summing D/A converters 


±0.01 
±0.10 
±1.00 


±5 
±26 
±50 


±20' 

±25 

±20 


10 
±20 
10 


Oto +70 
-55 to +125 
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TIMER/COUNTER CIRCUITS 



Timer/Counters With Display Drivers 
































NUMBER 

OF 
DIGITS TYPE 


DISPLAY 


FUNCTIONS 


MAX 
COUNT 
SPEED 
(MHz) 


i 


TYPICAL APPLICATIONS 
AND COMMENTS 


LEO 


LCD 


VF 


UNIT 
COUNT 


UNIVERSAL 
COUNTERS 


o 
s 


, 


s 


j 


i 


j 


1 


1 
1 


( 


S 


i 

1 


X 


z 


e 


1 




i 


iL 


, 


i 


1 


§* 


ICM7217 






• 










• 




m 








• 




• 












2 




Industrial control: preset/predetermin- 
ing counters, sequencers, on/off delay 
timers, batch counters. Presets and 
loads compare register from 
thumbwheel switches 


ICM7217A 




• 












• 




■ 








• 




• 












2 




ICM7217B 






~9 






















• 




• 












2 




ICM7217C 




• 
























• 




• 












2 




ICM7227 






• 










• 












• 




• 












2 




Microprocessor compatible interface. 
Industrial control: preset/predetermin- 
ing counters, sequencers, on/off delay 
timers, batch counters. Presets and 
loads compare register from a 
microprocessor 


ICM7227A 




• 












• 












• 




• 












2 




ICM7227B 






• 






















• 




• 












2 




ICM7227C 




• 
























• 




• 












2 






ICM7224 








• 








• 




■ 










• 














15 


• 


10 |iA operating current. Can be 
cascaded for more digits 


ICM7224A 








• 




































15 




ICM7225 


• 














• 




■ 












• 












15 


• 


-Has brightness adjustment, 10 nA cur- 
rent with display blanked, cascadable 


ICM7225A 


• 






























• 












15 




ICM7236 










• 






• 




■ 












• 












15 


• 


Up to 30 V output drive for Vacuum 
Fluorescent , 


ICM7236A 








^ 


• 








_ 














• 












15 






ICM7249 








• 








• 
































Event timer/counter, hour meter. 14 
programmable modes. Selectable 
input filtering 


=1 


ICM7215 


















• 
















• 














4 functions: start/stop/reset, split, 
taylor, time out. 1/100's seconds and 
low battery 


1^ 


ICM7208 
















• 


















• 










2.5 




Use with ICM7207/A for a 7-diglt 
frequency counter 


=1 


ICM7216A 






• 










• 






# 


• 




















10 




Universal frequency counter with 
display drivers. 4 internal gate times, 
auto decimal point, leading zero 
blanking, overflow Indication. Display 
off, hold, and reset Inputs. 


ICM7216B 
















• 






• 


• 




















10 




ICM7216C 






• 










• 




























10 




ICM7216D 
















• 




























10 




ICM7226A 






• 










• 






• 


• 




• 






• 










10 


• 


Same as ICM7216 plus period and 
time Interval averaging, BCD outputs, 
mP PIA compatible. 


ICM7226B 
















• 






• 


• 




• 






• 










10 





■ These counters will measure frequency when used with the ICM7207 (0.01 and 0.1 second timebase) or the ICM7207A (0.1 and 1.0 second 
timebase) 
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7. TIMER/COUNTER CIRCUITS 



Timers/Counters Without Display Drivers 



TYPE 


SPECIAL 
FEATURES DESCRIPT-|ON 


ICM7555 




Low power CMOS equivalent of Industry standard 555 timer— only SO^A supply current. ICM7555 does not have 
the large supply Current ti^ansients of the bipolar 555 and dbes not require the large bypassing capacitors 
needed by the 555. Low leakag^ threshold and trigger Inputs allow use of higher Impedance RC timing com- 
ponents for extra long tirne delays. 1 , 


ICM7556 




An ICM7556 Is a dual ICM7555, a CMOS, low power equivalent of the Bipolar 5$6 Timer. 


ICM7240 
ICM7250 
ICiyi7260 


Binary 0-225 
BCD 0-99 
Time 0-59 


Prbgrammable CMOS counter/timer. Uses'on-board RC oscillator or an external clock: The count Is programmed 
by wirfe-AND connection of the outputs. Excellent for ON/OFF delay tfmers, * N counters, $nd long period 
delays. , ' 


ICM7242 


Fixed 128/255 


RC oscillator ^- 8-bit counter, similar to ICM7240 but with fixed 256 count. Used fbr extremely long time delays. 
Cascadable. 



Oscillator/Divider Selector Guide 



TYPE 


OUTPUT 
FREQUENCY 


SUPPLY 

VOLTAGE 

(V) 


TYPICAL 
CURRENT 


PULSE 
WIDTH 
(tns) 


CRYSTAL 
FREQUENCY 


OTHER OUTPUTS/COMMENTS 


ICM7213 


1 Pulse/Min 


2-4 


100 


125, 1000 


4.19 MHz 


1 Pulse/Sec, 2048, 1024, 34.133, 16 Hz 


ICM7207A 


0.5 Hz 


4-5.5 


260 


1000. 
0.391 


5.24288 MHz 


5 Hz, 1600 Hz (Note 1) 


ICM7213 


1 Hz 


2-4 


100 


7.8 


4.19 MHz 


1 Pulse/MIn, 2048, 1024, 34.133, 16 Hz 


ICM7207A 
ICM7207 


5 Hz 
5 Hz 


4-5.5 
4-5.5 


260 
260 


100, 0.391 
100, 0.312 


5.24288 MHz 
6.5536 MHz 


0.5, 1600 Hz 
50 Hz, 1280 Hz 


ICM7213 


16 Hz 


2-4 


100 


Sq.Wave 


4.19 MHSJ 


1 Pulse/Min, 2048, 1024, 34.133, 1 Hz 


ICM7207 


50 Hz 


4-5.5 


260 


20, 0.312 


6.5536 MHz 


5 Hz, 1280 Hz 


ICM7213 
ICM7213 
ICM7207A 
ICM7207 


1000 Hz , 
1024 Hz 
1280 Hz 
1600 Hz 


2-4 
2-4 
4-5.5 
4-5.5 


100 
100 
260 
260 


Sq. Wave 
Sq. Wave 
Sq. Wave 
Sq.Wave 


4.096 MHz 
4.19 MHz 
5.24288 lyiHz 
6.5536 Mhz 


2000, 2000 Pulses/Min 

1 Pulse/Min, 2048, 34.133, 16, 1 Hz 

0.5, 5 Hz 

5, 50 Hz 


ICM7213 


2048 Hz 


2-4 


100 


Sq. Wave 


4.19 MHz 


1 Pulse/Min, 1024, 34.133, 16, 1 Hz 


ICM7209 


250 KHz- 
10 MHZ 


4.5-5.5 


11,000 


Sq. Wave 


1-10 MHz 


(Note 2) 



Notes: 

1. Oscillator/controller for frequency counter. 

2. Two buffered outputs— Crystal Frequency and '■*■ 8 output. Drives up to 5 TIL loads. 
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8. DISPLAY DRIVER 



^ 



TYPE 


#0F 

CHARACTERS 
OR DIGITS 


DISPLAY 
TYPE 


FONT 


INTERFACE 


FEATURES AND 
COMMENTS 


o 


• 

< 

1 

"5 


flu 
o 

+ 

1 

o 

% 


+ 

(0 

1 

i 

< 




1 
•5 


: i' 
S 

1 
d 


X 

9 

z 
d 

Ul 


i 
1 

< 

1 
1 

o 

d 
Hi 


i 

o 
d 
3 


1 

"S 
d 


i! 

E 

i 
1 


f 
1 

i 

z 


1 

lU 

I 

i 

m 

f 


1 


% 

Q 
+ 
O 

o 
o 

OD 
X 

1 


1 

+ 
+ 

i 

e 
s 

1 


1 

o 

i 

I 

CD 


i 


I 
1 


ICM7211 




















• 






• 






• 








1000 


Drives Conventional LCD Displays. Includes RC 
Oscillator, Divi6er Chain, Latches, Interface and LCD 
Drivers. Evaluation Kit Available 


ICM7211A 




















• 








• 




• 








1000 


ICM7211M 




















• 






• 








• 






200 


ICM7211AM 




















• 








• 






• 






200 


ICM7212 














• 












• 






• 








1000 


Drives Common Anod6 LED Displays. 28 Current 
Controlled Outputs. Includes Latches, Interface and 
Brightness Control. Evaluation Kit Available. 


ICM7212A 














• 














• 




• 








1000 


ICM7212M 














• 












• 








• 






200 


ICM7212AM 












. 


• 














• 






• 






200 


ICM7218A 


8 


8 














• 








• 


• 








• 




550 


3 Decode Formats Drives UP to 64 Independent LED's. 
includes 8x8 Memory, Multiplexed LED Drivers, 
Decoders, Interface and control. Applications Include . 
Bar Graphs. 


ICM7218B 


8 


8 












• 










• 


• 








• 




550 


ICM7218C 


8 


8 














• 








• 


• 






• 






500 


ICM7218D 


8 


8 












• 










• 


• 






• 






500 


ICM7218E 


8 


8 














• 








• 


• 






• 






500 


ICM7231A 


8 


16 


















3 




• 








• 






500 


8 Digits, 16 Annunciators on COM 3, Hexadecimal' 


ICM7231B 


8 


16 


















3 






• 






• 






500 


8 Digits, 16 Annunciators on COM 3, Code B 


ICM7231C 


8 


16 


















3 






• 






• 






500 


8 Digits, 16 Annunicators on COM 1 + 3, Code B 


ICM7232A 


10 


20 


















3 




• 












•^ 


350 


10 Digits, 20 Annunciators on COM 3, Hexadecimal 


iCM7232B 


10 


20 


















3 






• 










• 


350 


10 Digits, 20 Annunciators on COM 3, Code B 


ICM7232C 


10 


20 


















3 






• 










• 


350 


10 Digits, 20 Annunciators on COM 1 -f 3, Code B 


ICM7233A 










4 












3 








• 




• 






500 


4 Alphanumeric Characters. Evaluation Kit Available 


ICM7233B 










4 












3 








• 




• 






500 


4 Alphanumeric Characters. Full-Wldth Numbers 


ICM7234A 










5 












3 








• 








• 


350 


5 Alphanumeric Characters. Half-Width Numbers 


ICM7234B 










5 












3 








• 








• 


350 


5 Alphanumeric Characters. Full-Width Numbers 


ICM7235 


4 






















• 


• 






• 








1000 


Drives 30 Volt Vacuum Fluorescent Displays Directly. 
Includes Latch/Decoder /tP Interface or 4-Bit Input. 
Hexadecimal or Code B Format Available. 


ICM7235A 


4 






















• 




• 




• 








1000 


ICM7235M 


4 






















• 


• 








• 






200 


ICM7235AM 


4 






















• 




• 






• 






200 


ICM7243A 








8 








• 














• 




• 






250 


8 Alphanumeric Characters + Decimal Pt. can be Daisy 
Chained or Cascaded. Evaluation Kit Available.' 


ICM7243B 






8 










• 














• 




• 






250 


tCW72S0' 




14 








80 








r 


10 








• 




• 






400 


1x80 Ch. Dot Matrix LCD Controller and Rov*^ Driver. 
Use with ICM7281. 


ICM7283* 




14 








80 










16 








• 




• 






400 


2x40 Ch. Dot Matrix LCD Controller and Row Driver. 
Use with ICM7281. 


tCM7281* 












- 










- 




















Column Driver for use with ICM7280 or ICM7283. 



*New Product 



9. MICROCONTROLLERS, MICROPERIPHERALS, MEMORY 



Microcontrollers, Microperipherals, Memory 
Microcontrollers 



^ 



BASIC 

PART 

NUMBER 


DESCRIPTION 


MHz 


INTERNAL 
MEMORY 


PACKAGE 


TEMPERATURE 

RANGE 

(•*C) 


ROM 


RAM 


IM80C48* 
tM80C4^* 
IM80C35* 
1M$QC39* 


8048/80C48 Family Compatible 
2X tne memory of IM80C48 
Same as IM80C48 without ROM 
Same as IM80C49 without ROM 


6 

6 
6 


1Kx8 
2Kx8 
None 
None 


64x8 
128 X 8 
64x8 
128x8 


PL,JL 
PUJL 
PL,JL 
PL,JL 


0-+70 
' -40- +85 



Microprocessor Peripherals — see also Display Drivers, Counters, A/D, and D/A Converters. 



TYPE 


DESCRIPTION 


(MHz) 
Max 


PACKAGE 


TEMPERATURE 
RANGE rC) 


IOM7170* 


^P-Compatlble Real-Time Clock, Binary Time 
Format, Micropower Standby Operation (2/iA @ 2.8V) 


4.19 


PG, JG 


-40- +85 


IM6402 

IM6402-1 

IM6402A 


CMO^ Industry Standard Compatible UART 
High-Speed Version of IM6402 
10V Operating Version of IM6402 


1.0 
2.0 
4.0 


PL 
PUJL 
PL, JL 


-40- +85 
J _55-_ +125 


IM6403 

IM6403-1 

IM6403A 


Like Corresponding IM6402 
Device but with On-board Crystal 
Oscillator and Baud Rate Generator 


2.46 
3.58 
6.0 


PL 
PL, JL 
PL, JL 


\ _40-+85 
j - 55 _+ 125 


IM62C43* 


CMOS I/O Expander for 80C48/49 Microcomputers 




PG,JG 


0- +70 
-40- +85 


IM4702/12 


Baud Rate Generator 


3.58 


PE,JE 


.40- +85 



CMOS EPROMs 



ORGANIZATION/ 
TYPE 


MAX ACCESS 
TIME (ns) 


"^ 


Ice MAX (mA) 
pPtRATING 


IccMAXOiA) 
STANDBY 


PACKAGE 


TEMPERATURE 
RANGE (»C) 


1024x4 














IM6653I 


550 


5 


6 


140' 


JG 


-40- +85 


IM6653M 


600 


5 


6 


140 


JG 


-55- +125 


IM6653-1I 


450 


5 


6 


140 


JG 


-40- +85 


iM6653AI 


300 


10 


12 


140 


JG 


-40- +85 


IM6653AM 


360 


10 


12 


140 


JG 


-55— +125 


512x8 














IM6654I 


550 


5 


6 


140 


JG 


-40- +85 


IM6654M 


600 


5 


6 


140 


JG 


-55- +125 


IM6654-1I 


450 


5 


6 


140 


JG 


-40— +85 


IM6654Ai 


300 


10 


12 


140 


JG 


«40- +85 


IM6654AM 


350 


10 


12 


140 


JG 


-55— +125 



*New Product 
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Section 2 — Discretes 




2N2607-2N2609 

2N2609JAN 

P-Channel JFET 

General Purpose Amplifier 



APPLICATIONS 

• Low-Level Choppers 

• . Data Switches 

• Commutators 




ORDERING INFORMATION* 



TO-18 


WAFER 


DICE 


2N2607 


2N2607/W 


2N2607/D 


2N2608 


2N2608/W 


2N2608/D 


2N2609 


2N2609/W 


2N2609/D 


2N2609JAN 


— 


— 



*When ordering wafer/dice refer to Section 10, page 10-1. 




CHIP TOPOGRAPHY 



5510 



0025 0025 
0035 0035 " 



--llffi 



i. 



0046 
,0050 



5503 



D 0035 0035 
\ 0025 , 0025 



NOTE- SUBSTRATE 
IS GATE 



(for 2609, 2609 JAN) 



S .0035 y 0035 
/^ 0025 00,25. 



N0T6- SUBSTRATE 
IS GATE 

' droo58ii 



8 

O 

I 

10 

z 
to 

o 

(0 
10 

z 

10 

o 

<0 



ABSOLUTE MAXIMUM RATINGS 

(Ta = 25°C unless othenvise noted) 

Gate-Source Voltage :..... 30V 

Gate-Drain Voltage 30V 

Gate Current 50mA 

Storage Temperature Range .!.......... -65i°C to +200°G 

Operating Temperature Range - 55**C to + 1 75°C 

Lead Temperature (Soldering, 10sec) .....+;300°G 

Power Dissipation 300mW 

Derate above 25°C.....'. 2mVy/°G 



ELECTRICAL CHARACTERISTICS (@ 25°C unless othenvise noted) 



SYMBOL 


PARAMETER 






2N2607 


2N2608 


2N2609 


UNIT 


TEST CONDiiiUNS» 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


Igssr 


Gate Reverse Current 


Vqs = 30V, Vds = 




3 




10 




30 


nA 


Vgs = 5V. Vds = o. Ta = i 50°c 




3 




10 




30 


ma 


bvgss 


Gate-Dram Breakdown Voltage 


1G = 1M. Vds = o 


30 




30 




30 




v 


Vp 


Gate-Source Pinch-Off Voltage 


Vds=-5V, Id=-1mA 


1 


4 


1 


4 


1 


4 


V 


loss 


Drain Current at Zero Gate 
Voltage 


Vds=-5V, Vgs = 


-0.30 


-1.50 


-0.90 


-4.50 


-2 


-10 


mA 


gfs 


Small-Signal Common-Spurce 
Fonvard Transconductance 


Vds=-5V, Vgs = 0, f=1kHz 


330 




1000 . 




2500 




MS 


C,ss 


Common-Source Input 
Capacitance 


Vds = -5V, Vgs = iv, f = imhz 

(Note 1) 




10 




17 




30 


pF 


NF 


Noise Figure (Note 1) 


Vds=-5V. 

Vgs = o. 

f = 1kHz 


Rg = iom^ 




3 










dB 


Rg = 1MJ2 






. i 


3 




3 



NOTE 1: For design reference only, not 100% tested. 
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Note: All typical values have been guaranteed by charactenzation and are hot tested: 



I Low Noise Amplifier 




<0 

z 



FEATURES 

• Low Noise 

• High Input Impedance 

• Low Capacitance 



APPLICATlbNS 

• Low Level Choppers 

• Data Switches 
« Multiplexers 

• Low Noise Amplifiers 



PIN CONFIGURATION 



10^72 




CHIP TOPOGRAPHY 



5010 



002S 0025 
0035 0035 ' 






It 



■0046 
0050 



NOTE SUBSTRATE 
IS GATE 



ORDERING INFORMATION* 



TO-72 


WAFER 


DICE 


2N3684 


2N3684/W 


2N3684/D 


2N3685 


2N3685/W 


2N3685/D 


2N3686 


2N3686/W 


2NI3686/D 


2N3687 


2N3687/W 


2N3687/D 



*When ordering wafer/dice refer to Section 10,. page 1.0-1. 

ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 



ABSOLUTE MAXIMUM RATINGS 

(Ta = 25°C unless otherwise noted) 

Gate-Source or Gate-Drain Voltage - 50V 

Gate Current 50nnA 

Storage Temperature Range ......65°C to +200°C 

Operating Temperature Range -55°C to +175X 

Lead Temperature (Soldering, lOsec) +300*C 

Power Dissipation ; 300mW 

Derate above 25°C 2.0mW/X 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


2N3684 


2N3685 


2N3686 


2N3687 


UNIT 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


BVgss 


Gate to Source Breakdown Voltage 


VdS = 0, lG = 1.0juA 


-50 




-50 




-50 




-50 




V 


Vp 


Pinch-Off Voltage 


Vds = 20V, Id = 0.001 fiA 


„ -2-0 


^5.0 


-1.0 


-3:5 , 


-0.6 


-2.0 


-0.3 


-1.2 


IGSS 


Total Gate Leakage Current 


Vgs=-30V, Vds = 




-0.1 




-0.1 




-0.1 




-0.1 


nA 


|Ta=150°C 




-0.5 




-0.5 




-0.5 




-0.5 


/uA 


loss 


Saturation Current, Drain-to-Source 


Vgs = o, Vds = ^ov 


2.5 


7.5 


1.0 


3.0 


0.4 


1.2 


0.1 


0.5 


mA 


lYfsl 


Forward Transadmittance 


Vds=^OV, Vgs = 
f = 1kHz 


2000 


3000 . 


1500 


2500 


1000 


2000 


500 


1500 


MS 


Gos 


Commori Source Output 
Conductance 




50 




25 




10 




5 


MS 


C,ss 


Common Source Input 
Capacitance 


Vds = 20V, Vgs = 
f=1MHz (Note 1) 




4.0 




4.0 




' 4.0 




4.0 


pF 


Crss 


Common Source Short Circuit 
Reverse Transfer Capacitance 




1.2 




1.2 




1.2 




1.2 


pF 


rDS(on) 


On Resistance 


Vds = o, Vgs = 




600 




800 




1200 




2400 


ohms 


NF 


Noise Figure (Note 1) 


f= 100Hz, RG = 10Mfi 
NBW-6HZ, Vds = 10V, 

Vgs = ov 




0.5 




0.5 




0.5 




0.5 


dB 



NOTE 1: For design reference only, not 100% tested. 
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Note: All typical values have been guaranteed by characterization and are- not tested. 



2N3810/A, 2N3811/A 

Dual Matched PNP 
General Purpose Amplifier 




PIN CONFIGURATION 



TO-78 




CHIP TOPOGRAPHY 



4501 



T 

023 

1 



EMITTER - 
BASE- 



\fj yS3 TYP 2 PLACES 

/fm r^^ BASE 0030- X -0030 

f/ »^T I 0040 0040 

/ ^COLLECTOR TYP 2 PLACES 



-COLLECTOR 
0035 0034 

0045 0044 

TYP 2 PLACES 



ORDERING INFOR 


MATION* 


TO-78 


WAFER 


DICE 


2N3810 


2N3810/W 


2N3810/D 


2N3810A 






2N3811 


2N3811/W 


2N3811/D 


2N3811A 







*When ordering wafer/dice refer to Section 10, page 10-1. 



ELECTRICAL CHARACTERISTICS 



Power Dissipation 500mW 

! above 25X 3.3mW/°C 



eoomw 

4.0mW/°C 



TEST CONDITIONS: 25°C Ambient Temperature 


unless othenvise noted 












SYMBOL 


PARAMETER 


TEST CONDITIONS 


2N3810/A 


2N3811/A 


UNIT 


MIN 


MAX 


MIN 


MAX 


BVcBO 


Collector-Base Breakdown Voltage 


Ic=-ioma, Ie = 


-60 




-60 




V 


BVcEO 


Collector-Emitter Breakdown Voltage 
(Note 2) 


IC= -10mA, Ib = 


-60 




-60 




bvebo 


Emitter-Base Breakdown Voltage 


Ie= -IO/uA, Ic = 


-5 




-5 




IC(off) 


Collector Cutoff Current 


VcB=-50V, Ie = 




-10 




-10 


nA 


|Ta=+150°C 




-10 




-10 


HA 


lE(off) 


Emitter Cutoff Current 


Vbe = 4V. Ic = 




-20 




-20 


nA 


hPE 


Static Forward Current 
Transfer Ratio 


VcE=-5V 


Ic=-10axA 


100 




225 






lc= -IOO/uA to -1mA 


150 


450 


300 


900 


lc = 10mA (Note 2) 


125 




250 




|Ta=-55°C 


lc = 100iwA 


75 




150 




VBE(sat) 


Base-Emitter Saturation Voltage 


VcE=-5V 
lc= -lOOjuA 


Ib=-10mA 




-0.7 




^0.7 


V 


Ib= -IOO/xA 




-0.8 




-0.8 


VCE(sat) 


Collector-Emitter Saturation Voltage 
(Note 2) 


Ib=-10mA, Ic=-100mA 




-0.2 




-0.2 


Ib= -IOO/zA, Ic= -1mA 




-025 




-0.25 


h,e 


Input Impedance (Note 4) 


VcE= -10V 
IC=-1mA 
f= 1kHz 


3 


30 


10 


40 


ka 


hfe 


Fonvard Current Transfer Ratio (Note 4) 


150 


600 


300 


900 




hre 


Reverse Voltage Transfer Ratio (Note 4) 




0.25 




0.25 


hoe 


Output Admittance (Note 4) 






5 


60 


5 


60 


jUS 



o 
> 

10 

z 



ABSOLUTE MAXIMUM RATINGS 

(Ta = 25°C unless othen/vlse noted) 

Emitter-Base Voltage (Note 1) -5V 

Collector-Base or Collector-Emitter Voltage 

(Note 1) ~60V 

Collector Current (Note 1) 50mA 

Storage Temperature Range --65°C to h-IZS'^C 

Operating Temperature Range - 55°C to + 1 75°C 

Lead Temperature (Soldering, 1 0sec) + 300**C 

ONE SIDE BOTH SIDES 



2-3 



Note: All typical values have been guaranteed by characterization and are not tested. 



00 
CO 

z 

01 



00 

z 

CI 



2li3810/A, 2N38i1/A^ 

ELECTRICAL CH ARACTERIStlCS (CONT.) 



SYMBQL 


PARAMETER 






2N3810/A 


2N3811/A 


UNIT 


TEST uuriuiiiUNd 


MIN 


MAX 


MIN 


MAX 


Ihfel 


Magnitude of small signal 
current gain (Note 4) 


VcE = - 5V 


lc= -1mA, f=100MHz 


1 


5 


1 


5 




lc=-500MA,f = 30MHz 


1 




1 




Cobo 


Output Capacitance (Note 4) 


VcB=-5V, Ie = 0. f=1MHz 




4 




4 


PF 


C,bo 


Input Capacitance (Note 4) 


VcB=-0.5V, lc = 0, f=1MHz 




8 




8 


hpEi/hpEa 


DC Current Gam Ratio 




Vce=-5V. Ic = 100mA 


0.9 


1.0 


0.9 


1.0 




A devices 


0.95 


1.0 


0.95 


1.0 


IVbei-Vbe2 1 


BaseTEmitter Voltage 
Differential 




VcE=-5V 


Ic = 10mA to 10mA 




-5 




-5 


mV , 


A devices 




-2.5 




-2.5 




lc = 100iLtA 




-3 




-3 


A devices 




^1.5 




-1.5 


AVbEi-VbE2 
AT 


Base-Emitter Voltage 
Differential Gradient 




Vce=-5. Ic=100mA 




10 
5 




10 
5 


mv/°c 


A devices 


NF 


Spot Noise Figure 
(Note 4) 


VcE = -10V, Ic = -100mA, Rg = 3ka, 
f == 100Hz, Noise Bandwidth = 20Hz 




7 




4 


dB 


VcE= -10V, lc= -100/^, RG = 3Ka 
f = 1kHz, Noise Bandwidth = 200kHz 




3 




1.5 


VcE = -10V, Ic = -100//A, Rq = 3k^ 
f = 10kHz, Noise Bandwidth = 2kHz 




2.5 




1.5 


VcE = -10V, Ic = -lOOjutA, Rg = 3kn, 
Noise Bandwidth =* 15.7kHz (Note 3) 




3.5 




2.5 



NOTES: 1. Per transistor. 

2. Pulse width < 300ms, duty cycle < 2.0%. 

3. 3dB down at 10Hz and 10kHz. ; 

4. For design reference only, not 100% tested. 
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Note: All typical values have been guaranteed by characterization and are not tested. 



2N3821, 2N3822, 

JAN, JTX, JTXV 

N-Channel JFET 

High Frequency Amplifier 



FEATURES 



• Low Capacitance 

• Up to ^SOOps Transconductance 




ORDERING INFORMATION* 



TO-72 


WAFER 


DICE 


2N3821 


2N3821/W 


2N3821/D 


2N3822 


2N3822/W 


2N3822/D 



•When ordering wafer/dice refer to Section 10, page 10-1. 

fadd JAN, JTX, JTXV to basic part number to specify these devices. 




CHIP TOPOGRAPHY 



5010 ,2N3821 

D(2) 



0025 
0035 



S(1). 



0025 
0035 ' 



4, 



M 



0046 
0050 



5003 



D 0035 
\ 0025 



0035 
0025 



NOTE SUBSTRATE 
IS GATE 



2N3822 



0035 
0025 



NOTE SUBSTRATE 
IS GATE 

CT00052I 



ABSOLUTE MAXIMUM RATINGS 

(Ta = 25°C unless othenA^ise noted) 

Gate-Source Voltage -50V 

Gate-Drain Voltage -50V 

Gate Current 1 0mA 

Storage Temperature Range -65°C to -i-200°C 

Operating Temperature Range -55X to +175°C 

Lead Temperature (Soldering, 10sec) +300°C 

Power Dissipation 300mW 

Derate above 25X 2.0mW/X 



ELECTRICAL CHARACTERISTICS (25X unless otherwise noted) 












SYMBOL 


PARAMETER 


TEST CONDITIONS 


2N3821 


2N3822 


UNIT 


MIN 


MAX 


MIN 


MAX 


Igss 




Vgs = -30V, Vds = o 




-0.1 




-0.1 


nA 


Gate Reverse Current | j ^ 150°C 




-0.1 




-0.1 


mA 


BVqss 


Gate-Source Breakdown Voltage 


|q=_1^, Vds = 


-50 




-50 




V 


VGS(off) 


Gate-Source Cutoff Voltage 


Vds=15V, lD = 0.5nA 




-4 




-6 


Vgs 


Gate-Source Voltage 


Vds = 15V, lD = 50iLiA 


-0.5 


-2 






Vds=15V, Id = 200juA 






-1 


-4 


loss 


Saturation Dram Current (Note 1) 


Vds=15V, Vgs = 


0.5 


2.5 


2 


10 


mA 



10 

z 

09 



10 

z 

Q 
00 
10 
10 






% 



2-5 
Note: All typical values have been guaranteed by characterization and are not tested. 



2N3a21, 2113892, J APif JTX, JTXV 



< 

w 

CI 
CO 

z 



M 
CO 
CO 

z 

01 



SYMBOL 


PARAMETER 




y" -, ,. 


2N38il 


2^382^ 


UNIT 


TEST CONDITIONS 


MIN 


MAX 


MIN 


MAX 


gfs 


Common-Source Forward 
Transconductance (Note 1) 


Vds=15V. VgS = 


f = 1kHz 


1500 


4500 


|3000n 


6500 


us 


lyfsl 


Common-Source Forward 
Transadmittance (Note 2) 


f = 100MHz 


1500 




3000 




gos 


Common-Source Output 
Conductance (Note 1) 


f = 1kHz 




10 




20 


Ciss 


Common-Source Input 
Capacitance (Note 2) 


f=1MHz 




6 




6 


pF . 


Crss 


Capacitance (Note 2) 




3 




3 


NF 


Noise Figure (Note Z) 


Vds=15V, Vgs-0, 
Rgen = 1meg, BW = 5Hz 


f*«10Hz 




5 




5 


dB 


in 


Equivalent Input Noise Voltage 
(Note 2) 


Vds'^ISV. Vgs = 0, 
BW* 5Hz 




200 




200 


nV 



NOTES: 1. 

2. 



These parameters are measured during a 2ms rnterval 100ms after DC power is applied. 
For design reference only, not 100% tested. 
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Note: All typical values have been guaranteed by characterization and are not tested. 



2N3823, JAN, JTX, JTXV 

N-Chdnnel JFET 

High Frequency Amplifier 




FEATURES 

• Low Noise 

• Low Capacitance 

• Transductance Up to 6500jus 



PIN CONFIGURATION 



TO-72 




CHIP TOPOGRAPHY 



■0035 
0025 



5000 



t 

017 


^^-: 


' 1 


D(2) 


«=d 


S(1) 






.0062 
0066 


r 




4 — 


- 017- 


-♦ 



.0035 „ .0035 
.0025 .0025 



NOTE SUBSTRATE 
IS GATE 



ORDERING INFORMATION* 



TO-72 


WAFER 


DICE 


2N3823 


2N3823/W 


2N3823/D 



ABSOLUTE MAXIMUM RATINGS 

(Ta = 25°C unless otherwise noted) 

Gate-Source or Gate-Drain Voltage - 30V 

Gate Current 10mA 

Storage Temperature Range -65°C to +200°C 

Operating Temperature Range - 55°C to + 1 75°C 

Lead Temperature (Soldering, 10sec) +300**C 

Power Dissipation SOOmW 

Derate above 25X 2.0mW/°C 



*When ordering wafer/dice refer to Section 10, page 10-1. 

fadd JAN,JTX,JTXV to basic part number to specify these devices 

ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN 


MAX 


UNIT 


Iqss 




Vgs = -20V, Vds = o 




-0.5 


nA 


Gate Reverse Current ( ^ ^caoo 
1 Ta-IoOO 




-0.5 


' mA 


bvgss 


Gate-Source Breakdown Voltage 


Ig = 1mA. Vds = o 


-30 




V 


VGS(off) 


Gate-Source Cutoff Voltage 


Vds = 15V, lD = 0.5nA 




-8 


Vgs 


Gate-Source Voltage 


Vds = 15V, lD = 400iuA 


-1.0 


-7.5 


loss 


Saturation Drain Current 


Vds = 15V, Vgs = o 


4 


20 


mA 


gfs 


Common-Source Forward 
Transconductance (Note 1) 


Vds = 15V, Vgs = o 


f = 1kHz 


3,500 


6,500 


iUS 


lYfsl 


Common-Source Forward 
Transadmittance (Note 2) 


f= 100MHz 


3,200 




90S 


Common-Source Output 
Transconductance (Note 1) 


f=1kHz 




35 


Oiss 


Common-Source Input 
Conductance (Note 2) 


f = 200MHz 




800 


9oss 


Common-Source Output 
Conductance (Note 2) 




200 


Ciss 


Common-Source Input 
Capacitance (Note 2) 


f=1MHz 




6 


PF 


Crss 


Common-Source Reverse 
Transfer Capacitance (Note 2) 




2 


NF ' 


Noise Figure (Note 2) 


Vds = 15V, Vgs = o 
RG = 1ki2 


f= 100MHz 




2.5 


dB 



NOTES: 1. 

2. 



These parameters are measured during a 2ms interval 100ms after DC power is applied. 
For design reference only, not 100% tested. 



10 

z 

s 

c 

> 






< 
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Note: All typical values have been guaranteed by charactenzation and are not tested! 



I 2N3824 

I NTrChannel JFET 
^ Switch 




FEATURES 

• rds < 250 Ohms 

• iD(off) < 0-lnA 



PIN CONFIGURATION 



TO-72 




CHIP TOPOGRAPHY 



5003 





D 0935 X 0035 
^ 0025 .0025 


t 

015 

i 


N 


S 0035 ; 0035 
X 0025 0025 




f* — 016—*- 


NOTE SUBSTRATE 
IS GATE 

CT0005H 



ORDERING INFORMATION* 



TO-72 


WAFER 


DICE 


2N3824 


2N3824/W 


2N3824/D 



ABSOLUTE MAXIMUM RATINGS 

(Ta = 25**C unless otherwise noted) 

Gate-Source or Gate-Drain Voltage - 50V 

Gate Current 10mA 

Storage Temperature Range -65°C to +200°G 

Operating Temperature Range - 55°C to + 1 75°C 

Load Temperature (Soldering, 10sec) + 300^0 

Power Dissipation 300mW 

Derate above 2^X , .2.0mW/°C 



*When ordering wafer/dice refer to Section 10, page 10-1. 

ELECTRICAL CHARACTERISTICS 

TEST CONDITIONS: 25°C unless otherwise noted 



3YMB0L 


PARAMETER 






LIMITS 


UNIT 


TEST C0NDMIUIH5 


MIN 


MAX 


•gss 




Vgs=-30V, Vds^O 




-0.1 


nA 


Gate Reverse Current 1 j ^ i5o<>c 




-0.1 


mA 


bvgss 


Gate-Source Breakdown Voltage 


lG = 1fXA. VDS = 


-50 




V 


iD(off) 




Vds = 15V, Vgs=-8V 




0.1 


nA 


Drain Cutoff Current | j =i5o°c 




0.1 


juA 


''ds(on) 


Dram-Source ON Resistance 


Vds = ov. Id = o 


f=1kHz 




250 


a ' 


Ciss 


Common-Source Input Capacitance 
(Note 1) 


Vds = 15V, Vgs = 


f=1MHz 

\ 




6 


PF 


Crss 


Common-Source Reverse Transfer Capacitance 
(Note 1) 


Vgs=-8V, Vds = 




3 



NOTE 1: For design reference only, not 100% tested. 



2-^8 



Note: All typical values have been guaranteed by characterization and are not tested- 



2N3921, 2N3922 

Dual N-Channel JFET 
General Purpose Amplifier 

FEATURES 

• Low Drain Current 

• High Output Impedance 

• Matched Vqs, AVcSt and 9fs 





CHIP TOPOGRAPHY 



6037 



3!V 



ALL BOND PADS ARE 4 x 4 MIL 

CTOoom 



ORDERING INFORMATION* 



TO-71 


WAFER 


DICE 


2N3921 


2N3921/W 


2N3921/D 


2N3922 


2N3922/W 


2N3922/D 



ABSOLUTE MAXIMUM RATINGS 

(Ta = 25°C unless otherwise noted) 

Gate-Source or Gate-Drain Voltage (Note 1) -50V 

Gate Current (Note 1) 50mA 

Storage Temperature Range - 65°C to + 200°C 

Operating Temperature Range - 55°C to + 200°C 

Load Temperature (Soldering, 10sec) +300*C 

Total Power Dissipation , 300mW 

Derate above 25°C UmW/X 



*When ordenng wafer/dice refer to Section 10, page 10-1, 

ELECTRICAL CHARACTERISTICS 

TEST CONDITIONS: (25°C unless otherwise noted) 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN 


MAX 


UNIT 


Iqss 




Vgs = -30V, Vds = o 




-1 


nA 


Gate Reverse Current | j ^ ^qqoq 




-1 


fjiA 


bvdgo 


Drain-Gate Breal<down Voltage 


lD=1iuA, ls = 


50 




V 


VGS(off) 


Gate-Source Cutoff Voltage 


Vds = 10V, lD=1nA 




-3 


Vgs 


Gate-Source Voltage 


Vds = 10V, lD=100iuA 


-0.2 


-2.7 


Ig 




Vdg = 10V, Id = 700mA 




-250 


pA 


Gate Operating Current i t^ = ioO°C 




-25 


nA 


loss 


Saturation Dram Current (Note 1) 


Vds = 10V, Vgs = 


1 


10 


mA 


gts 


Common-Source Fonward 
Transconductance (Note 2) 


Vds = 10V, Vgs = o 


f=1kHz 


1500 


7500 


MS 


gos 


Common-Source Output Conductance 




35 


Ciss 


Common-Source Input Capacitance (Note 3) 


f=1MHz 




18 


PF 


Crss 


Common-Source Reverse Transfer Capacitance 
(Note 3) 




6 


gfs 


Common-Source Fon/vard Transconductance 


Vdg = 10V. Id = 700mA 


f=1kHz 


1500 




MS 


goss 


Common-Source Output Conductance 




20 


NF 


Spot Noise Figure 
(Note 3) 


Vds=10V, Vgs = 


f=1kHz, 
Rg = Imeg 




2 


dB 



!2 



10 



2-9 



Note: All typical values have been guaranteed by characterization and are not tested. 



n 2II39H 2N3^2^ 

S MATCHING CNA^ACTEf^lStlCS 



C9 



SYMBOL 


PARAMETER 






2N3921 


2N3922 


UNIT 


TEST CONuiiiuiNid 


MIN 


MAX 


MIN 


MAX 


IVGS1-VGS2I 


Differential Gate-Source Voltage 


Vdg = 10V, 
Id = 700/LiA 






5 




5 


mV 


AIVGS1-VGS2I 
AT 


Gate-Source Differential Voltage 
Change with Temperature 


Ta = OX 
Tb=100°C 




10 . 




25 


mv/°c 


gfsi/gfs2 


Transconductance Ratio 


f=1l<Hz 


0.95 


1.0 


0.95 


1.0 





NOTES: 1. Per transistor. 

2. Pulse test duration ^2 ms. ,, > 

3. For design refeii©):ice onlyj not 100% tested. 
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Note: All typical values have been guaranteed by characterization and are not tested. 



2N3954*2N3958 

2N3954A/2N3955A 

Dual N-Channel JFET 
General Purpose Amplifier 



FEATURES 

• Low Offset and Drift 

• Low Capacitance 

• Low Noise 

• Superior Tracicing Abiiity 

• Low Output Conductance 




ORDERING INFORMATION* 


TO-71 


WAFER 


DICE 


2N3954 


2N3954/W 


2N3954/D 


2N3954A 


2N3954A/W 


2N3954A/D 


2N3955 


2N3955/W 


2N3955/D 


2N3955A 


2N3955A/W 


2N3955A/D 


2N3956 


2N3956/W 


2N3956/D 


2N3957 


2N3957/W 


2N3957/D 


2N3958 


2N3958/W 


2N3958/D 




CHIP TOPOGRAPHY 

6037 



'• 


-.025 * 




•■ 


^U 


— D. 

.019 


y 


wW 


4 


ri* 


-1 




J 





ALL BONO PADS ARE 4 x 4 MIL. 

CT00081I 



ABSOLUTE MAXIMUM RATINGS 

(Ta = 25'*C unless othenA^ise noted) 

Gate-Drain or Gate-Source Voltage - 50V 

Gate-to-Gate Voltage ±50V 

Gate Current 50mA 

Total Device Dissipation 85°C (Each Side) ..250mW 

Case Temperature (Both Sides) 500mW 

Power Derating (Each Side) 2.86mW/'*C 

(Both Sides) 4.3mW/X 

Storage Temperature Range - 65°C to + 200^C 

Lead Temperature (1/16" from case 

for 10 seconds) 300X 



*When ordering wafer/dice refer to Section 10, page 10-1. 

ELECTRICAL CHARACTERISTICS (25X unless othenvise noted) 



SYMBOL 


PARAMETER 






2N3954 


2N3954A 


2N3955 


2N3955A 


2N3956 


2N3957 


2N3958 


UNIT 


TEST COnui i ii^no 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


Iqss 




Vgs = -30V. 
Vds = 




-IOC 




-10( 




-10( 




-10( 




-IOC 




-IOC 




-IOC 


pA 


|Ta=125X 




-50C 




-50( 




-500 




-50( 




-50( 




-50( 




-50C 


nA 


BVoss 


Gate-Source 
Breakdown Voltage 


Vds = 
Ig=-1M 


-50 




-50 




-50 




-50 




-50 




-50 




-50 




V 


Voscoff) 


Gate-Source Cutoff 
Voltage 


Vds = 20V. 
lD=1nA 


-1.0 


-4.5 


-1.0 


-4.5 


-1.0 


-4.5 


-1.0 


-4.5 


-1.0 


-4.5 


-1.0 


-4.5 


-1.0 


-4.5 


VGS(f) 


Gate-Source Fonvard 
Voltage 


Vds-0 
lG = 1mA 




2.0 




2.0 




2.0 




2.0 




2.0 




2.0 




2.0 


Vgs 


Gate-Source Voltage 


Vos = 20V 


Id = 50/iA 




-4.2 




-4.2 




-4.2 




-4.2 




-4.2 




-4.2 




-4.2 


Id = 200mA 


-0.5 


-4.0 


-0.5 


-4.0 


-0.5 


-4.0 


-0.4 


-4.0 


-0.5 


-4.0 


-0.5 


-4.0 


-0.5 


-4.0 


Ig 


Gate Operating Current 


Vds = 20V. 
Id = 200/iiA 




-50 




-50 




-50 




-50 




-50 




-50 




-50 


pA 


|Ta = 125*C 




-25( 




-250 




-250 




-250 




-25( 




-25( 




-25( 


nA 


loss 


Saturation Drain 
Current 


Vds = 20V. 
Vgs = 


0.5 


5.0 


0.5 


5.0 


0.5 


5.0 


0.5 


5.0 


0.5 


5.0 


0.5 


5.0 


0.5 


5.0 


mA 



Z 



(0 
III 

m 

z 

(0 

in 

z 

Q 

in 

01 

> 
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^N3954^2Nd958 2lli3954A/2N3955A 



ELECTRICAL CHARACTERISTICS (CONT.) 










' » , 


'-"•■ ' 


:'/■" 


1'^ 


•i 










- 




SYMBOL 


PARAMETER 


TEST CONDITIONS 


2N3954 


2N3954A 


2N^9S5 


2N3955A 


2N3956 


2N39S7 


2N3d58 


UNIT 


MIN 


MAX 


MIN 


MAX 


MIN 


MA?( 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


m 


MAX 


9fs ,. 


Common-Source Forward 
Transconductance 




f=1kHz 


1000 


3000 


1000 


3000 


1000 


3000 


1000 


3000 


1000 


3000 


1000 


3000 


1000 


3000 


jLtS 


(Note 2) 


f = 200MHz 


1000 




1000 




1000 




1000 




1000 




1000 




1000 




Qos 


Common-Source Output 
Conductance 


Vds = 20V. 
Vgs = 


f=1kHz 




35 




35 




35 




35 




35 




35 




35 


C.SS 


Common-Source Input 
Capacitance (Note 2) 


f=1MHz 




4.0 




4.0 




4.0 




4.0 




4.0 




4.0 




4.0 


PF 


Crss 


Common Source Reverse 
Transfer Capacitance 
(Note 2) 




1.2 




1.2 




1.2 




1.2 




1.2 




1.2 




1-2 


Cdgo 


Drain-Gate Capacitance 
(Note 2) 


Vdg = 10V, 
ls = 




1.5 




1.5 




1.5 




1.5 




1.5 




1.5 




1.5 


NF 


Common-Souroe Spot 
Noise Figure 
(Note 2) 


Vds = 20V 
Vgs = 

RG = 10Mi2 


f= 100Hz 




0.5 




0.5 




0.5 




0.5 




0.5 




0.5 




0.5 


dB 


I|gi-Ig2I 


Differential Gate Current 


Vds = 20V. 
Id = 200mA 


T = 125X 




10 




10 




10 




10 




10 




10 




10 


nA 


'dSSi/IdSS2 


Drain Saturation 
Current Ratio 


Vds = 20V 
Vgs = 


0.95 


1.0 


0.95 


1.0 


0.95 


1.0 


0.95 


1.0 


0.95 


1.0 


0.90 


1.0 


0.85 


1.0 




IVgsi-Vgs2I 


Differential Gate-Source 
Voltage 


Vds = 20V,- 
Id = 200mA 






5.0 




5.0 




10.0 




5.0 




15 




20 




25 


mV 


AIVgsi-VgssI 


Gat^-Source Differential 

Voltage Change With 
Temperature 


T = 25Xto 
-55X . 




0.8 




0.4 




2.0 




1.2 




4.0 




6.0 




8.0 


T = 25°Cto 
125X 




1.0 




0.5 




2.5 




1.5 




5.0 




7.5 




10.0 


AT 


gfsi/Qfsa 


Transconductance Ratio 


f=1kHz 


0.97 


1.0 


0.97 


1.0 


0.97 


1.0 


0.95 


1.0 


0.95 


1.0 


0.90 


1.0 


0.85 


1.0 





NOTES: 1 

2. 



Per Transistor.. 

For design reference only, not 100% tested. 
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2N3d70-2N3972 

N-Channel JFET Switch 




FEATURES 

• Low rDS(on) 

• Id(OFF) < 250pA 

• Fast Switching 



PIN CONFIGURATION 

TO-18 




CHIP TOPOGRAPHY 



5001 



00135 FULL RADIUS 



00175 (DRAIN) 



•\~*1 072 [note substrate 
I j \ t I 1 GATE 




0045 ^ 0036 
0035 0026 

(SOURCE) 



ORDERING INFORMATION* 



TO-18 


WAFER 


DICE 


2N3970 


2N3970/W 


2N3970/D 


2N3971 


2N3971/W 


2N3971/D 


2N3972 


2N3972/W 


2N3972/D 



ABSOLUTE MAXIMUM RATINGS 

(Ta = 25°C unless otherwise noted) 

Gate-Source or Gate-Drain Voltage 

Gate Current 

Storage Temperature Range - 65**C to 

Operating Temperature Range - 55°C to 

Lead Temperature (Soldering, 10sec) 

Power Dissipation 

Derate above 25°C 1 



... -40V 
...50mA 
+ 200°C 
+ 200X 
, +300X 

1.8W 

OmW/°C 



*When ordering wafer/dice refer to Section 10, page 10-1. 

ELECTRICAL CHARACTERISTICS 

TEST CONDITIONS: 25°C unless otherwise noted 



SYMBOL 


PARAMETER 








2N3970 


2N3971 


2N3972 


UNiT 


TEST COiMUi 1 lUNS* 


MiN 


MAX 


MIN 


MAX 


MIN 


MAX 


bvgss 


Gate Reverse Breakdown Voltage 


Ig = -1mA. Vds = 


-40 




-40 




-40 




V 


Idgo 


Dram Reverse Current 


Vdg = 20V, Is = 




250 




250 




250 


pA 


|Ta=150X 


500 




500 




500 


nA 


'D(off) 


Drain Cutoff Current 


Vdg = 20V, Vgs=-12V 




250 




250 




250 


pA 


|Ta = 150°C 


500 




500 




500^ 


nA 


VGS(off) 


Gate-Source Cutoff Voltage 


Vds = 20V, lD = 1nA 


-4 


-10 


-2 


-5 


-0.5 


-3 


V 


loss 


Saturation Dram Current 

(Pulse width 300jus, duty cycle < 3%) 


Vds = 20V, Vgs = 


50 


150 


25 


75 


5 


30 


mA 


VDS(on) 


Dram-Source ON Voltage 


Vgs = o 


Id= 5mA 












2 


V 


Id = 10mA 








1.5 






Id = 20mA 




1 










roSCon) 


Static Drain-Source ON Resistance 


Vgs = 0, lD=1nnA 




30 




60 




100 


a 


•'ds(on) 


Dram-Source ON Resistance 


Vgs = o, Id = 


f=1kHz 




30 




60 




100 


C,ss 


Common-Source Input Capacitance 


Vds = 20V, Vgs = (Note 1) 


f=1MHz 




25 




25 




25 


PF 


Crss 


Common-Source Reverse Transfer 
Capacitance 


Vds = o, Vgs = -12V 

(Note 1) 




6 




6 




6 


td 


Turn-On Delay Time (Note 1) 


Vdd=10V, VGS(on) = 

iD(on) VGS(off) Rl 
2N3970 20mA -10V 450^ , 




10 




15 




40 


ns 


tr 


Rise Time (Note 1) 




10 




15 




40 


toff 


Turn-Off Time (Note 1) 


2N3971 10mA 
2N3972 5mA 


- 5V 

- 3V 


850^ 
1.6KJ2 




30 




60 




100 



10 

z 
u 

? 

10 

z 

10 



NOTE 1: For design reference only, not 100% tested. 
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Note: All typical values have been guaranteed by characterization and are not tested. 



? 2fl3197Q-2N3972i 

Z ELECTRICAL CHAFiACTERIStlCS (CONT.) 






VOD 



Vino- 



Rq < 

son : 




_ Vdd-Vds(OW) 
Id(ON) 

-OVOUT 
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2N3993, 2N3994 

P-Channel JFET 

General Purpose Amplifier/Switch 




FEATURES 

• Low rDS(on) 

• High Yfs/C|ss Ratio (Higli-Frequency Flgure-of- 
Merit) 



PIN CONFIGURATION 



TO-72 




ORDERING INFORMATION* 



TO-72 


WAFER 


DICE 


2N3993 


2N3993/W 


2N3993/D 


2N3994 


2N3994/W 


2N3994/D 



•When ordering wafer/dice refer to Section 10, page 10-1. 



APPLICATIONS 

Used in high-speed commutator and chopper applica- 
tions. Also ideal for "Virtual Gnd" switching; needs no ext. 
translator circuit to switch ±10 VAC. Can be driven direct 
from TTL or CMOS logic. 



CHIP TOPOGRAPHY 



5508 



0037 
0027 



^l iiiiiir 



0035 .0037 
0025 .0027 



NOTE SUBSTRATE IS GATE 



ABSOLUTE MAXIMUM RATINGS 

(Ta = 25°C unless othen/vise noted) 

Drain-Gate Voltage -25V 

Drain-Source Voltage -25V 

Continuous Fon/vard Gate Current -10mA 

Storage Temperature Range - 65*'C to + 200°C 

Operating Temperature Range - 55°C to + 1 75°C 

Lead Temperature (Soldering, lOsec) +300''G 

Power Dissipation 300mW 

Derate above 25°C 2.0mW/X 



■i 



t 



ELECTRICAL CHARACTERISTICS @ 25X free-air temperature (unless othenvise noted) 



SYMBOL 


PARAMETER 


TEST CONDITIONS 

(Note 3) 


2N3993 


2IN3994 


UNIT 


MIN 


MAX 


MIN 


MAX 


bvgss 


Gate-Source Breakdown Voltage 


Ig = imA, Vds = o 


25 




25 




V 


'dgo 


Drain Reverse Current 


Vdg=-15V, Is = 




-1.2 




-1.2 


nA 


Vdg=-15V, Is = 0, 

Ta=150°C 




-1.2 




-1.2 


liA 


•dss 


Zero-Gate-Voltage Dram Current 


Vds=-iov. Vgs = o, 

(See Note 1) 


-10 




-2 




mA 


iD(off) 


Drain Cutoff Current 


Vds=-10V, Vgs = 6V 








-1.2 


nA 


Vds=-iov. Vgs = 6V, 
Ta = 150X 








-1 


/iA 


Vds=-iov, Vgs = iov 




-1.2 






nA 


Vds=-iov. Vgs = iov, 

Ta=150X 




-1 






M 


VGS(off) 


Gate-Source Voltage 


Vds=-10V, Id=-1mA 


4 


9.5 


1 


5.5 


V 


TdsCon) 


Small-Signal Drain-Source 
On-State Resistance 


Vgs = 0. Id = 0. 

f=1kHz 




150 




300 


n 


lyfsi 


Small-Signal Common-Source 
Fonrt^ard Transfer Admittance 


Vds=-iov, Vgs = o. 
f = 1kHz, (See Note 1) 


6 


12 


4 


10 


MS 


C,ss 


Common-Source Short-Circuit 
input Capacitance (Note 4) 


Vds=-iov, Vgs = o, 

f = 1MH2. (See Note 2) 




16 




16 


PF 
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ELECTRICAL CHARACTERISTICS (CONT.) 



SYMBOL 


PARAMETER 


TEST CONDITIONS 

(Note 3) 


2N3993 


2N3994 


UNIT 


MIN 


MAX 


MIN 


MAX 


Cres 


Reverse Transfer Capacitance 
(Note 4) 


Vds = 0, Vgs = 6V. 
f = 1MHz 








5 


PF 


Vds = o, Vgs = 10V, 

f=1MHz 




4.5 






PF 



, NOTES: 1. These parameters must be measured using pulse techniques, tp = 100ms, duty cycle < 10%. 

2. This parameter must be measured with bias voltage applied for less than 5 seconds to avoid overheating. 

3. The case should be connected to the source for all measurements. 

4. For design reference only, not 100% tested. 
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2N4044, 2N4045, 2N4100, 

2N4878, 2N4879, 2N4880 

Dielectrically Isolated Dual NPN 
General Purpose Amplifier 




FEATURES 

• High Gain at Low Current 

• Low Output Capacitance 

• Good hpE Match 

• Tight Vbe Traclting 

• Dieiectricaiiy isolated i\Aatched Pairs for 
Differentiai Amplifiers 



PIN CONFIGURATION 



TO-71 
TO-78 




CHIP TOPOGRAPHY 

4000 




COLLECTOR #1 

COLLECTOR #2 003^ f^^ 

TYP2 PLACES ^x-^ 

BASE #2 ^,^ 

TYP 2 PLACES ^^ qia 

^..JITTER #2 ^,9°^° 

TYP 2 PLACES J??? DIA 



ORDERING INFORMATION^ 



ABSOLUTE MAXIMUM RATINGS 

(Ta = 25°C unless otherwise noted) 

Collector-Base or Collector-Emitter Voltage (Note 1) 

2N4044, 2N4878 60V 

2N4100, 2N4879 55V 

2N4045, 2N4880 45V 

Collector-Collector Voltage 100V 

Emitter Base Voltage (Note 2) 7V 

Collector Current (Note 1) 10mA 

Storage Temperature Range - 65°C to + 1 75*'C 

Operating Temperature Range - 55'*C to + 1 75°C 

Lead Temperature (Soldering, 1 0sec) + 300°C 



TO-78 


TO-71 


WAFER 


DICE 


2N4044 


2N4878 


2N4044/W 


2N4044/D 


2N4045 


2N4879 


2N4045/W 


2N4045/D 


2N4100 


2N4880 


2N4100/W 


2N4100/D 



TO-71 



TO-78 



ONE BOTH ONE BOTH 

SIPE SIDES SIDE SIDES 

Power Dissipation 200mW 400mW 250mW SOOmW 

Derate above 25*'C 

(mWrC) 1.3 2.7 1.7 3.3 



*When ordering wafer/dice refer to Section 10, page 10-1. 



ELECTRICAL CHARACTERISTICS (25X unless otherwise noted) 














SYMBOL 


PARAIMETER 


TEST CONDITIONS 


2N4044 
2N4878 


2N4100 
2N4879 


2N4045 
2N4880 


UNIT 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


hFE 


DC Current Gam 


Ic = 10mA, Vce = 5V 


200 


600 


150 


600 


80 


800 




IC = 1.0mA, Vce = 5V 


225 




175 




100 




|Ta=-55°C 


Ic = 10mA, Vce = 5V 


75 




50 




30 




VBE(on) 


Emitter-Base On Voltage 




0.7 




0.7 




0.7 


V 


VcE(sat) 


Collector Saturation Voltage 


lc = 1.0mA, Ib = 0.1mA 




0.35 




0.35 




0.35 


ICBO 


Collector Cutoff Current 


Ie = 0, VcB = 45V, 30V* 




0.1 




0.1 




0.1* 


nA 


|Ta=150°C 




0.1 




, 0-1 




0.1* 


A/A 


Iebo 


Emitter Cutoff Current 


IC = 0, Veb - 5V 




0.1 




0.1 




0.1 


nA 


Cobo 


Output Capacitance (Note 4) 


Ie = 0, Vcb = 5V, f=1MHz 




0.8 




0.8 




0.8 


PF 



10 M 

zz 
»^ 
ooo 

10 M 

11 

JO 01 
10 10 

zz 
»^ 

00 ;( 
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Note: All typical values have been guaranteed by characterization and are not tested. 
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2N4044, 2N4045, 2N4100, 
2N4878, 2N4879, 2114880 



ELECTRICAL CHARACTERISTICS (25X unless otherwise noted) 


'•■ 












SYMBOL 


PARAMETER 


TEST CONDITIONS 


2N4044 
2N4878 


2N4100 
2N4879 


2N4045 
2N4880 


UNIT 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


Cte 


Emitter Transition 
Capacitance (Note 4) 


IC = 0, Veb = 0.5V, f=1MHz 




1 




1 




1 


PF 


CCi. C2 


Collector to Collector 
Capacitance (Note 4) 


Vcc = 0, f-1MHz 




0.8 




0.8 




0.8 


pF 


"Ci. C2 


Collector to Collector 
Leakage Current 


Vcc = ±100V 




5 




5 




5 


pA 


VcEO(sust) 


Collector to Emitter 
Sustaining Voltage 


IC = 1mA, Ib = 


60 




55 




45 




V 


ft 


Current Gain Bandwidth 
Product (Note 4) 


lc=1mA. VcE = 10V 


200 




150 




150 




MHz 


ft 


Current Gain Bandwidth 
Product (Note 4) 


lc=10/LiA, VcE=10V 


20 




15 




15 




MHz 


NF 


Narrow Band Noise Figure 
(Note 4) 


IC=10/iA. VcE = 5V 
Rq = 10kJ2 


f = 1kHz 
BW = 200H2 




2 




3 




3 


dB 


BVcBO 


Collector Base Breakdown 
Voltage 


IcIOmA, Ie = 


60 




55 




45 




V 


bvebo 


Emitter Base Breakdown 
Voltage 


lE = 10/LtA, lc = 


7 




7 




7 




V 



MATCHING CHARACTERISTICS (25°C unless otherwise noted) 



hFEi/^^FE2 


DC Current Gain Ratio 
(Note 3) 


Ic=10mA to 1mA. 
VcE = 5V 


0.9 


1 


0.85 


1 


0.8 


1 




IVbei-Vbe2» 


Base Emitter Voltage 
Differential 


IC=10MA, VcE = 5V 




3 




5 




5 


mV 


Hbi-Ib2I 


Base Current 
Differential 


Ic = 10mA, Vce = 5V 




5 




10 




25 


nA 


|A(Vbei-VbE2)I/^T 


Base Emitter 
Voltage Differential 
Change with 
Temperature 


Ic = 10mA, 
Vce = 5V 
Ta=-55X to +125°C 

■ 




3, 




5 




10 


tNrc 


I^0bi-Ib2)'/^t 


Base Current 
Differential 
Change with 
Temperature 




0.3 




0.5 




1 


nA/°C 



SMALL SIGNAL CHARACTERISTICS 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


TYPICAL 
VALUE 


UNIT 


hib 


Input Resistance 


lc = 1mA, Vcb-SV (Note 4) 


28 


f2 


hrb 


Voltage Feedback Ratio 


43 


X 10-3 


hfe 


Small Signal Current Gain 


!c = 1mA, VcE = 5V (Note 4) 


250 




hob 


Output Conductance 


60 


ns 


hie 


Input Resistance 


9.6 


kn 


hre 


Voltage Feedback Ratio 


42 


X 10-3 


hoe 


Output Conductance 


12 


MS 



NOTES: 1. Per transistor. 

2. The reverse base-emitter voltage must never exceed 7.0 volts and the reverse base-emitter current must never exceed lOpA. 

3. The lowest of two hpE readings is taken as hpEi for purposes of this ratio. 
4., For design reference only, not 100% tested. 
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ITE4091-ITE4093 
2N4091-2N4093 

JAN, JTXV, JANTX' 

N-Channel JFET 
Switch 



FEATURES 

• Low rDS(on) 

• Id(OFF) < lOOpA (JAN TX Types) 

• Fast Switching 




:^ 



PIN CONFrGURATIONS 



TO-18 




TO-92 



y 



CHIP TOPOGRAPHY 



. 00135 FULL RADIUS 
OOlTS (DRAIN) 



5001 

1 .0072 JNOTE . SUBSTRATE IS 



0045 0036 
0035 0026 
(SOURCE) 




ORDERING INFORMATION* 



TO-92 


T0-18t 


WAFER 


DICE 


ITE 4091 


2N4091 


2N4091/W 


2N4091/D 


ITE 4092 


2N4092 


2N4092/W 


2N4092/D 


ITE 4093 


2N4093 


2N4093/W 


2N4093/D 



ABSOLUTE MAXIMUM RATINGS 

(Ta = 25°C unless otherwise noted) 

Gate-Source or Gate-Drain Voltage - 40V 

Gate Current 10mA 

Storage Temperature Range - 65°C to + 200°C 

Operating Temperature Range -55°C to +200°C 

Lead Temperature (Soldering, 1 0sec) + 300°C 

TO-18 TO-92 



Power Dissipation 1.8W 

Derate above 25"C 10mW/°C 



360mW 
3.3mW/°C 



fadd JANTX to these part numbers if JANTX processing is desired. 
*When ordering wafer/dice refer to Section 10, page 10-1. 



Plastic 

Storage ~55°C to +150°C 

Operating -56**C to -i-135°C 



ELECTRICAL CHARACTERISTICS (25X unless otherwise noted) 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


2N/ITE 
4091 


2N/ITE 
4092 


2N/ITE 
4093 


UNIT 




MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


bvgss 


Gate-Source Breakdown Voltage 


Ig=-imA, Vds = 


-40 




-40 




-40 




V 


Idgo 


Dram Reverse Current 


Vdg = 20V, Is = 




200 




200 




200 


pA 


(Not JANTX Specified) | Ta = 1 50°C 




400 




400 




400 


nA 


Igss 


Gate Reverse Current 


VgS=-20V, Vds = 




-100 




-100 




-100 


pA 


1 (JANTX, ITE devices only) Ta = 150X 




-200 




-200 




-200 


nA 


Id(off) 


1 JANTX 


Vds = 20V 


Vgs=-12V(4091) 

Vgs=-8V(4092) 

Vgs=-6V(4093) 




100 




100 




100 


pA 


JAN, JTXV, Ta = 25X 




200 




200 




200 


Dram Cutoff Current | JANTX 




200 




200 




200 


nA 


JAN, JTXV, Ta=150°C 




400 




400 




400 


Vp 


Gate-Source Pinch-Off Voltage 


Vds = 20V, lD=1nA 


-5 


-10 


-2 


-7 


-1 


-5 


V 


loss 


Dram Current at Zero Gate Voltage 


Vds = 20V, Vgs = 0, 
Pulse Test Duraton = 2ms 


30 




15 




8 




mA 


VdS(ON) 


Drain-Source ON Voltage 


Vgs = 


Id = 2.5mA 












0.2 


V 


Id = 4mA 








0.2 






Id = 6.6mA 




0.2 











1^ 5 

?? 

lb n 

Is 

> 

Z 



^ 



>J 
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Note: All typical values have been guaranteed by charactenzation and are not tested. 



to « 



If 



ITE4091-*ITP4093 

2N4091-2N4bd3 JAN, JTXV, JANTX*' 



- ELECTRICAL CHARACTERISTICS (CONT.) 



< 

» 

I 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


2N/ITE 
4091 


, 2N/ltE 
4092 


2N/ITE 
40^3 


UNIT 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


rosion) 


Static Drain-Source ON Resistance 


Vgs = 0, Id = 1mA 




30 




50 




80 


a . 


"'ds(on) 


Static Drain Source 
ON Resistance 


VgS'=^0, Id^O, f=1kHz 




30 




50 




80 


C,ss 


Common-Source Input Capacitance 


Vds = 20V. Vgs = 0. f=1MHz 
(Note 1) 




16 




16 




16 


PF 


Crss 


Ijantx Only 




5 




5 




5 


Common-Source 

Reverse Transfer Capacitance 


VdS = 0, Vgs = -20V, f = 1MHz , 
(Note 1) 




5 




5 




5 


tcl(ON) 


Turn-ON Delay Time (Note 1) 


Vdd = 3V, Vgd(on) = 

lD(on) VGS(off) Rl 

4091 66mA -iSV 425ii 

4092 4mA -8V 700^ 

4093 2 5mA -6V 1120J2 




15 




15 




20 


ns 


tr 


Rise Time (Notf 1) 




10 




20 




40 


toff 


Turn-OFF Tinrte (Note 1) 




40 




60 




80 



NOTE 1. For design reference only, not 100% tested. 



2-20 
Note: All typical values have been guaranteed by characterization and are not tested. 



2N4117-19, 2N4117A-19A 

N-Chanhel JFET 

General Purpose Amplifier 




FEATURES 

• Low Leakage 

• Low Capacitance 



PIN CONFIGURATION 



TO-72 




CHIP TOPOGRAPHY 



5007 

.0060 



0060 ^ 
0062* 



0025 
0035 



-%$^ 



.0025 
0035 






0025 
.0035 



.0025 
0035 



\" 



NOTE 

SUBSTRATE 
. IS GATE 



ORDERING INFOR 


MATION* 


TO-72 


WAFER 


CHIP 


2N4117 


2N4117/W 


2N4117/D 


2N4117A 


— 


— -, 


2N4118 


2N4118/W 


2N4118/D 


2N4118A 


— 


~ 


2N4119 


2N4119/W 


2N4119/D 


2N4119A 


— 


— 



ABSOLUTE MAXIMUM RATINGS 

(Ta = 25°C unless otherwise noted) 

Gate-Source or Gate-Drain Voltage 

Gate Current 

Storage Temperature Range -65°C to 

Operating Temperature Range - 55°C to 

Lead Temperature (Soldering, 10sec) 

Power Dissipation 

Derate above 25°C 2 



.... -40V 
. . . . 50mA 
+ 200°C 
+ 175*'C 
.+300°C 
..306mW 
,OmW/°C 



*When ordering wafer/dice refer to Section 10, page 10-1. 

ELECTRICAL CHARACTERISTICS (25°C unless othenvlse noted) 



1 

SYMBOL 




PARAMETER 


TEST CONDITIONS 


2N4117 
2N4117A 


2N4118 
2N4118A 


2N4119 
2N4119A 


UNIT 




MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


bvgss 


Gate-Source Breakdown Voltage 


Ig=-imA, Vds = o 


-40 




-40 




-40 




V 


'gss 


Gate Revers 




Vgs=-20V, Vds = 




-10 




-10 




-10 


pA 


e Current |^ ^^^,^^3 




-1 




-1 




-1 








-25 




-25 




-25 


nA 


Ta= + IOO=C |a devices 




-2.5 




-2.5 




-2.5 


VGS{off) 


Gate-Source Pinch-Off Voltage 


Vds=10V. lD=1nA 


-0.6 


-1.8 


-1 


-3 


-2 


-6 


V 


loss 


Dram Current at Zero Gate 
Voltage (Note 1) 


Vds = iov 
Vgs = o 


0.02 


0.09 


0.08 


0.24 


0.20 


0.60 


mA 


gfs 


Common-Source Forward 
Transconductance (Note 1) 


Vds=10V 
f = 1kHz 


70 


210 


80 


250 


100 


330 


MS . 


gfs 


Common-Source Forward 
Transconductance (Note 2) 


VgS = 0, f = 30MHz 


60 




70 




90 




Qos 


Common-Source Output 
Conductance 


Vds=10V, Vgs = 0, 
f=1kHz 




3 




5 




10 


C,ss 


Common-Source Input 
Capacitance (Note 2) 


Vds=10V. Vgs = 0, 
f=1MHz 




3 




3 




3 


PF 


Crss 


Common-Source Reverse 
Transfer Capacitance (Note 2) 


Vds = 10V, Vgs = o, 
f=1MHz 




1.5 




1.5 




1.5 



NOTES: 1. Pulse test: Pulse duration of 2ms used dunng test, 
2. For design reference only, not 100% tested. 



10 

z 

1^ 

I 
10 

z 

■4 
■k 

(0 

> 
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CI 
01 

z 

N 



N 

Z 



2I|4220^2N4222 

N^hannd JFET 

General Purpose Amplifier/Switch 




FEATURES 



• Crss<2pF 

• Moderately High Forward Transconductance 



PIN CONFIGURATION 



TO-72 




CHIP TOPOGRAPHY 



5010 



0025 „ 0025 
0035 0035 ' 



4-. 



^J013 PULL R 



■i=t 



.0046 
0050 



NOTE SUBSTRATE 
IS GATE 



ORDERING INFORMATION* 



TO-72 


WAFER 


DICE 


2N4220 


2N4220/W 


2N4220/D 


2N4221 


2N4221/W 


2N4221/D 


2N4222 


2N4222/W 


2N4222/D 



*When ordering wafer/dice refer to Section 10, page 10-1. 

ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 



ABSOLUTE MAXIMUM RATINGS 

(Ta = 25°C unless othen/vise noted) 

Gate-Source or Gate-Drain Voltage j - 30V 

Gate Current lOmA 

Storage Temperature Range -65°C to +200*'C 

Operating Temperature Range - 55°C to + 1 75°C 

Lead Temperature (Soldering, 10sec) +300°C 

Power Dissipation ....SOOmW 

Derate above 25X Z.OmSNrC 



SYMBOL 


PARAMETER 








2N4220 


2N4221 


2N4222 


UNIT 


TEST v;uriuiiiuNd 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


Igss 




Vgs=-15V, Vds = 




-0.1 




-0.1 




-0.1 


nA 


Gate Reverse Current | j iso^C 




-OJ 




-0.1 




-0.1 


mA 


bvgss 


Gate-Source Breakdown Voltage 


Ig=-iomA, Vds = o 


-30 




-30 




-30 




V 


VGS(off) 


Gate-Source Cutoff Voltage 


Vds = 15V, lD = 0.1nA 




-4 




-6 




-8 


Vgs 


Gate-Source Voltage 


Vds = 15V 


Id = 50mA (2N4220) 
lD = 200juA (2N4221) 
Id = 500mA (2N4222) 


-0.5 


-2.5 


-1 


-5 


-2 


-6 


V 


loss 


Saturation Drain Current (Note 1) 


Vds = 15V, Vgs = 


0.5 


3 


2 


6 


5 


15 


mA 


Qfs 


Common-Source Forward 
Transconductance (Note 1) 


Vds = 15V, Vgs = 


f = 1kHz 


1000 


4000 


2000 


5000 


2500 


6000 


MS 


lyfsl 


Common-Source Forward 
Transadmittance (Note 2) 


f= 100MHz 


750 




750 




750 




gos 


Common-Source Output 
Conductance (Note 1) 


f=1kHz 




10 




20 




40 


Cjss 


Common-Source Input 
Capacitance (Note 2) 


f = 1MHz 




6 




6 




6 


PF 


Crss 


Common-Source Reverse 
Transfer Capacitance (Note 2) 








2 




2 




2 



NOTES: 



1. Pulse test duration 2ms. 

2. For design reference only, not 100% 



2-22 
Note: All typical values have been guaranteed by characterization and are not tested. 



2N4223, 2N4224 

N-Channel JFET 

High Frequency Amplifier 



FEATURES 

• NF = 3dB Typical at 200MHz 

• Crss<2pF 




PIN CONRGURATION 



TO-72 




CHIP TOPOGRAPHY 



5000 



D(2) n^Tsd) T 
-J .0062 k^ 



.0066' 
- 017- 



.0035 „ .0035 
.0025 .0025 



NOTE SUBSTRATE 
IS GATE 



ORDERING INFORMATION* 



TO-72 


WAFER 


DICE 


2N4223 


2N4223/W 


2N4223/D 


2N4224 


2N4224/W 


2N4224/D 



ABSOLUTE MAXIMUM RATINGS 

(Ta = 25**C unless otherwise noted) 

Gate-Source or Gate-Drain Voltage - 30V 

Gate Current 10mA 

Storage Temperature Range -65°C to +200^*0 

Operating Temperature Range - 55**C to + 1 75°C 

Lead Temperature (Soldering, 1 0sec) + 300**C 

Power Dissipation 300mW 

Derate above 25**C 2.0mWrC 



*When ordering wafer/dice refer to Section 10, page 10-1. 

ELECTRICAL CHARACTERISTICS (25X unless othen/vlse noted) 



SYMBOL 


PARAMETER 








2K4223 


2N4224 


UNIT 


TES1 UUNUIIIUNd 


MIN 


MAX 


MIN 


MAX 


Iqss 




Vgs = -20V, Vds = o 




-0.25 




-0.5 


nA 


Gate Reverse Current | j ^ + i5o»c 




-0.25 




-0.5 


mA 


bvgss 


Gate-Source Breakdown Voltage 


Ig = -iomA. Vds = 


-30 




-30 




V 


VGS(off) 


Gate-Source Cutoff Voltage 


Vds = 15V 


Id = 0.25nA (2N4223) 
Id = 0.5nA (2N4224) 


-0.1 


-8 


-0.1 


-8 


Vgs 


Gate-Source Voltage 


Id = 0.3mA (2N4223) 
Id = 0.2mA (2N4224) 


-1.0 


-7.0 


-1.0 


-7.5 


'dss 


Saturation Drain Current (Note 1) 


Vds=15V, Vgs = 


3 


18 


2 


20 


mA 


gts 


Common-Source Fonvard 
Transconductance (Note 1) 


Vds = 15V, Vgs = o 


f=1kHz 


3000 


7000 


2000 


7500 


Ats 


C,ss 


Common-Source Input 
Capacitance (Output Shorted) 


Vds = 15V. Vgs = o 

(Note 2) 


f = 1MHz 




6 




6 


PF 


Crss 


Common-Source Reverse 
Transfer Capacitance 




2 




2 


lyfsl 


Common-Source Forward 
Transadmittance 


Vds = 15V. Vgs = 

(Note 2) 


f = 200MHz 


2700 




1700 




MS 


giss 


Common-Source Input 
Conductance (Output Shorted) 




800 




800 


Ooss 


Common-Source Output 
Conductance (Input Shorted) 




200 




200 


Gps 


Small Signal Power Gain 


10 








dB 


NF 


Noise Figure (Note 2) 


Vds = 15V. Vgs = o,, 

Rqen=;1k^ 




5 







NOTES: 



1. Pulse test, duration 2ms. 

2. For design reference only, not 100% 



10 

z 

10 
10 

10 

z 

10 
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Note: Ail typical values have been guaranteed by characterization and are not tested. 



i 2tl4338-^2N43^1 

I I^Chanriel \}FEr 
J Low Noise Amplifier 






Z 
CM 



FEATURES 

• Exceptionally High Figure of Merit 

• Radiation Immunity 

• Extremely Low Noise and Capacitance 

• High Input Impedance 



APPLICATIONS 



• Low-level Choppers 

• Data Switches 

• Multiplexers and Low Noise Amplifiers 



PIN CONFIGURATION 


TO-18 


PC00061I 



CHIP TOPOGRAPHY 



5040 



0025 
0035 



, .0025 ^'UJM 



/- 0017 ' 

T" 

.016 



0046 

0050 

- 014-1 



NOTE SUBSTRATE 
IS GATE 



ORDERING INFORMATION* 



TO-18 


WAFER 


DICE 


2N4338 


2N4338/W 


2N4338/D 


2N4339 


2N4339/W 


2N4339/D 


2N4340 


2N4340/W 


2N4340/D 


2N4341 


2N4341/W 


2N4341/D 



ABSOLUTE MAXIMUM RATINGS 

(Ta = 25**C unless otherwise noted) 

Gate-Source or Gate-Drain Voltage ~50V 

Gate Current 50mA 

Storage Temperature Range...: -65''C to +200°C 

Operating Temperature Range - 55°C to + 1 75°C 

Lead Temperature (Soldering, 10sec) +300°C 

Power Dissipation ; . . . ; GOOmW 

Derate above 25X 2.0mW/°C 



*When ordering wafer/dice refer to Section 10; page 10-1. 



ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 
















SYMBOL 


PARAMETER 


TEST CONDITIONS 


2N4338 


2N4339 


2N4340 


2N4341 


UNIT 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


Iqss 




VgS=-30V, Vds = 




-0.1 




-0.1 




-0.1 




-0.1 


nA 


Gate Reverse Currenti-j.^^ .j^qo^ 




-0.1 




-0.1 




-0.1 




-0.1 


mA 


BVgss 


Gate-Source Breakdown Voltage 


Ig=-imA. Vds = o 


-50 




-50 




-50 




-50 




V 


VGS(off) 


Gate-Source Cutoff Voltage 


VdS = 15V. Id = 0.1mA 


-0.3 


-1 


-0.6 


-1.8 


-1 , 


-3 


-2 


-6 


iD(off) 


Drain Cutoff Current 


Vds=15V. 

Vgs = () 




0.05 
(-5) 




0.05 
(-5) 




0.05 
(-5) 




0.07 
(-10) 


nA 
(V) 


loss 


Saturation Dram Current 


Vds=^15V. Vgs = 


0.2 


0.6 


0.5 


1.5 


1.2 


3.6 


3 


9 


mA 


gfs 


Common-Source Forward 
Transconductance 


Vds = 15V, Vgs = 


f = 1kHz 


600 


1800 


800 


2400 


1300 


3000 


,2000 


4000 


JUS 


Qos 


Coriimon-Source Output 
Conductance 




&. 




15 




'30 




60 


roSCon) 


Drain-Source ON Resistance 


Vds-0. Ids =o 




2500 




1700 




,1500 




800 


ohm 


C,ss 


Common-Source Input 
Capacitance 


Vds=15V, Vgs = 
(Note 1) 


f = 1MHz 




7 




7 


.' ' 


7 




7 


PF 


Crss 


Common-Source Reverse 
Transfer Capacitance 




. „3'' 




3 




3 




3 


NF 


Noise Figure (Note 1) 


Vds = 15V, Vgs = 
Rqen = 1meg, 
BW = 200Hz 


f = 1kHz 




1 




1 




1 




1 


dB 



NOTE 1: For design reference only, not 100% tested. 



2-24 
Note: All typical values have been guaranteed by characterization and are not tested. 



2N4351 

N-Channel Enhancement Mode 
MOSFET General Purpose 
Amplifier/Switch 




FEATURES 

• Low ON Resistance 

• Low Capacitance 

• High Gain 

• IHigh Gate Breal(down Voitage 

• Low Tiireshold Voltage 



PIN CONFIGURATION 



TO-72 




CHIP TOPOGRAPHY 



1003 



.0025 ^ .0029 



0030 ^ .0028 rV.. \_dJ 

0040 .0038 NOTE- SUBSTRATE ' 



ABSOLUTE MAXIMUM RATINGS 

(Ta = 25°C unless otherwise noted) 

Drain-Source Voltage or Drain-Body Voltage 25V 

Peak Gate-Source Voltage (Note 1) ±125V 

Drain Current , 100mA 

Storage Temperature Range - 65'C to ■♦■ 200'C 

Operating Temperature Range - 65**C to + 1 50*C 

Lead Temperature (Soldering, 10sec) +300'C 

Power Dissipation 375mW 

Derate above 25X....... 3mW/*C 

*When ordering wafer/dice refer to Section 10, page 10-1. 

ELECTRICAL CHARACTERISTICS (25°C unless othenvise noted) Substrate connected to source. 



ORDERING INFORMATION' 



TO-72 


Wafer 


DICE 


2N4351 


2N4351/W 


2N4351/D 



NOTES: 



1. Device must not be tested at ±125V more than once or longer than 300ms. 

2. For design reference only, not 100% tested. 






SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN 


MAX 


UNIT 


bvdss 


Drain-Source Breakdown Voltage 


lD=10/LtA. Vgs = 


25 




V 


Igss 


Gate Leakage Current 


Vgs = ±30V, Vds = 




10 


pA 


•dss 


Zero-Gate-Voltage Drain Current 


Vds = iov, Vgs = 




10 


nA 


VGS(th) 


Gate-Source Threshold Voltage 


Yds = 10V, Id = iomA 


1 


5 


V 


•D(on) 


'ON' Dram Current 


Vgs=10V, Vds = 10V 


3 




mA 


VDS(on) 


Drain-Source "ON" Voltage 


lD = 2mA, Vgs=10V 




1 


V 


roSCon) 


Drain-Source Resistance 


Vgs = "'OV, Id-0, f=1kHz 




300 


ohms 


lytsi 


Forward Transfer Admittance 


Vds=10V, Id = 2mA. f=1kHz 


1000 




us 


Crss 


Reverse Transfer Capacitance 
(Note 2) 


Vds = 0. Vgs = 0, f = 1MHz 




1.3 


PF 


C,ss 


Input Capacitance (Note 2) 


VdS = 10V, Vgs = 0. f^lMHz 




' 5.0 


Cd(sub) 


Dram-Substrate Capacitance (Note 2) 


Vd(SUB) = 10V. f=1MHz 




5.0 


td(on) 


Turn-On Delay (Note 2) 




45 


ns 


tr 


Rise Time (Note 2) 




9 v„ 


65 


v. jy.r" "^^ 


UOUTY CVCL. a i 




td(off) 


Turn-Off Delay (Note 2) 


Jk - 


n '-p^ ■" o "-^' 1t^ ^~^ 


1 60 


^ --^^ 


tf 


Fall Time (Note 2) 




100 



2-25 
Note- All typical values have been guaranteed by charactenzation and are not tested. 



z 

0) 



0> 



l1r£i39i^i'rlE4393 
N-Channel JFET Switch 



FEATURES 

• i'd$(on) < 300 Ohms (2N4391) 

• Id(OFF) < lOOpA 

• Switches ±10VAC With ±15V Suppiies (2N4392, 
2N4393) 




PIN CONFIGURATION 




CHIP TOPOGRAPHY 

5001 



.00135 FULL RADIUS 
.00175 (DRAIN) 



NOTE. SUBSTRATE 
IS GATE 




ORDERING INFORMATION* 



TO-92 


TO-18 


WAFER 


DICE 


ITE 4391 


2N4391 


2N4391/W 


2N4391/D 


ITE 4392 


2N4392 


2N4392/W 


2N4392/D' 


ITE 4393 


2N4393 


2N4393/W 


2N4393/D 



ABSOLUTE MAXIMUM RATINGS 

(Ta = 25**C unless otherwise noted) 

Gate-Source or Gate-Drain Voltage - 40V 

Gate Current 10mA 

Storage Temperature Range ~ 65**C to + 200**C 

Operating Temperature Range - 55°G to + 200°C 

Lead Temperature (Soldering, 1 0sec) + 300°C 

TO-18 TO-92 

Power Dissipation :... 1.8W 360mW 

Derate above 25"C lOmWrC 3.3mWrC 



Plastic 
Storage.... 
Operatirig . 



*When ordering wafer/dice refer to Section 10, page 10-1. 

ELECTRICAL CHARACTERISTICS (25°C unless othen/vlse noted) 



-55°C to +150°C 
-55Xto +135"C 



SYlWiBOL 










4391 


4392 


4393 


UNiT 


PARAIwETEn 


TEdi uuNuiiiuNd 


iMIN 


MAX 


MiN 


i\/IAX 


MiN 


MAX 


•gss 


Gate Reverse Current 




Vgs=-20V, Yds^o 




-100 




-100 




-100 


pA 


Ta = 150°C 




-200 




-200 




-200 


nA 


BVgss 


Gate-Source Breakdown Voltage 


1g<--imA. Vds-0 


-40 




-.40. 




-40 




V 


•D(off) 






Vds = 20V 


Vgs =-5V ,(4393) 
Vgs = -7V (4392) 
Vgs = -12V (4391) 


■ ' . 


100 




100 




100 


pA 


Drain Cutoff Current 


Ta=150°C ^ 




200 




200 




200 


nA 


VGS(f) 


Gate-Source Forward Voltage 


lG = 1mA, Vds = , 




,1- 




1 




1 


V 


VGS(off) , 


Gate-Source Cutoff Voltage 


Vds = 20V. !D=1nA 


-4 


-10 


-2 


-5 


-0.5 


-3 


loss 


Saturation Drain Current 
(Note 1) 


Vds = 20V. Vgs = o 


50 


150 


25 


75 


5 


30 


mA 


VDS(on) 


Drain-Source ON Voltage 


Vgs = 


Id = 3mA (4393) 
Id = 6mA (4392) 
Id =^ 12mA (4391) 




0.4 




0.4 




0.4 


V 


rDS(on) 


Static Drain-Source ON Resistance 


yGS = 0, Id = 1mA 




30 




60 




100 


n 


''ds(on) 


Draih-Source ON Resistance 


Vgs = 0, Id = |f=1kHz 




30 


, 


60 




100 



2-26 
Note: All typical values have been guaranteed by characterizatibh ^nd are not tested. 



ITE43d1-ITE43Si3 2N4391-2N4393 

ELECTRICAL CHARACTERISTICS (CONT.) 



SYMBOL 


PARAMETER 








4391 


4392 


4393 


UNIT 


TESi OUNUIIIUIMd 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


C,ss 


Common-Source Input Capacitance 
(Note 2) 


Vds = 20V, Vgs = 


f=1MHz 




14 




14 




14 


PF 


Crss 


Common-Source Reverse Transfer 
Capacitance (Note 2)^ 


Vds = o 


VgS=-5V 












3.5 


Vgs=-7V 








3.^ 






Vgs= -12V 




3.5 










td 


Turn-ON Delay Time (Note 2) 


Vdd = 10V. VGS(on) = 




15 




15 




15 


ns 


tr 


Rise Time (Note, 2) 


4391 
4392 
4393 


iD(on) VGS(off) 




5 




5 




5 


toff 


Turn-pFF DeJay Time (Note 2) 


12mA -12V 




20 


' 


35 




50 


tf 


Fall Time (Note 2) 


6 
3 


-7 
-5 




15 




20 




30 



NOTES: 



1. Pulse test required, pulse width = 300 jus, duty cycle < 3%. 

2. For design reference only, not 100% tested. 






<0 
O 

i» 

z 

■A 

lb 

z 
u 

(0 
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IN 
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Note: All typical values have been guaranteed by characterization and are not tested. 






ITE4416, 2N4416/A 

N-Channel JFET 

High Frequency Amplifier 



S FEATURES 



III 



• Low Noise 

• Low Feedback Capacitance 

• Low Output Capacitance 

• High TransconduCtance 

• Higli Power Gain 




ORDERING INFOR 


MATION* 




TO-92 


TO-72 


WAFER 


DICE 


ITE 4416 


2N4416 


2N4416/W 


2N4416/D 


' — 


2N4416A 


2N4416A/W 


2N4416A/D 




CHIP TOPOGRAPHY 


:S^-- ^ 




■ T 


\m' 


.__,0035 0035 
t .0025 .0025 


.017 

1 


0(2) 


« 


S(1) 


T ,. 

NOTE SUBSTRATE 
IS GATE 






.0062 
0066 

- 017- 




CT00061I. 



*When ordering wafer/dice refer to Section 10, page 10-1. 



ABSOLUTE MAXIMUM RATINGS 

(Ta = 25°C unless otherwise noted) 

Gate-Source or Gate-Drain Voltage 

2N4416, ITE4416 -30V 

2N4416A -35V 

Gate Current 10mA 

Storage Temperature Range 

2N4416/2N4416A -65°C to 

ITE4416 .-55°C 

Operating , Temperature Range 

2N4416/2N4416A -65°C to 

ITE4416 -55°C to 

Lead Temperature (Soldering, lOsec) +300°C 

Power Dissipation 300mW 

Derate above 25*C 

2N4416/2N4416A 1.7mW/°C 

ITE4416 2.7mW/°C 



+ 200°C 
+ 150X 

+ 200°C 
+ 135°C 



ELECTRICAL CHARACTERISTICS 


(25°C unless otherwise noted) 










SYMBOL 


PARAIWIETER 


TEST CONDiTIONS 


mn 


IMAX 


UNIT 


VGS(f) 


Gate-Source Forward Voltage 


lG = 1mA, Vds = 




1 


V 


Iqss 


Gate Reverse Current 




Vgs = - 20V, Vds = 




-0.1 


nA 


1 Ta=150°C 




-0.1 


HA 


bvgss 


Gate-Source Breakdown Voltage 


2N4416/ITE4416 


lG= -1mA, Vds = 


-30 




V 


2N4416A 


-35 




VGS(off) 


Gate-Source Cutoff Voltage 


2N4416/ITE4416 


Vds = 15V, lD=1nA 




-6 


2N4416A 


-2.5 


-6 


loss 


Dram Current at Zero Gate Voltage 


Vds = 15V, Vgs = o 


f = 1kH2 


5 


15 


mA 


gts 


Common-Source Fonward Transconductance 


4500 


7500 


MS 


gos 


Common-Source Output Conductance 




50 


US 


Crss 


Common-Source Reverse Transfer Capacitance 
(Note 1) 


f = 1MHz 




0.8 


PF 


C,ss 


Common-Source Input Capacitance (Note 1) 




4 


PF 


Coss 


Common-Source Output Capacitance (Note 1) 




2 
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ITE4416, 2H4416/A 

ELECTRICAL CHARACTERISTICS (CONT.) 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


100MHz 


400MHz 


UNIT 


MIN 


MAX 


MIN 


MAX 


giss 


Common-Source Input Conductance 


Vds = 15V, Vgs = (Note 1) 




100 




1000 


ns 


b,ss 


Common-Source Input Susceptance 




2500 




10,000 


goss 


Common-Source Output 
Conductance 




75 




100 


boss 


Common-Source Output 
Susceptance 




1000 




4000 


gfs 


Common-Source Forward 
Transconductance 






4000 




Gps 


Common-Source Power Gam 


Vds = 15V. Id = 5mA (Note 1) 


18 




10 




dB 


NF 


Noise Figure (Note 1) 


Vds = 15V, Id.= 5mA, Rq = 1k^ 




2 




4 



10 

z 

0) 

> 



NOTE 1: For design reference only, not 100% tested. 
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11 2M4856«2N4861 

«^ 

Jz 

(0 
€0 



CI 



2N4856-2N4858 JAN, 

JTX, JTXV* 

N-Channel JFET 
Switch 



FEATURES 

• Low rDS(on) 

• lD(off) < 250pA 



• Switches ±10V Signals 
(2N4858, 2N4861) 


With ±15V Supplies 


PIN CONFIGURATION 


TO-18 


Q.C 


'C00060I 



ORDERING INFORMATION* 



TO-18 


WAFER 


DICE 


2N4856t 


2N4856/W 


2N4856/D 


2N4857t 


2N4857/W 


2N4857/D 


2N4858t 


2N4858/W 


2N4858/D 


2N4859 


2N4859/W 


2N4859/D 


2N4860 


2N4860/W 


2N4860/D 


2N4861 


2N4861/W 


2N4861/D 




CHIP TOPOGRAPHY 



5001 



00«6 f ULL RADIUS 

0O175 (ORAINI ' N 00" jwOTt tUtSTWATClSCATt 



1 




ABSOLUTE MAXIMUM RATINGS 

(Ta = 25*'C unless otherwise noted) 
Gate-Source or Gate-Drain Voltage 

2N4856-58 -40V 

2N4859~61 -30V 

Gate Current 50mA 

Storage Temperature Range - 65°C to + 200*^0 

Operating Temperature Range - 55°C to + 200°C 

Led Temperature (Soldering, 1 0sec) + 300**C 

Power Dissipation 1.8W 

Derate above 25°C 10mW/°C 



tadd JAN, JTX, JTXV, to basic part number to specify these devices. 
*When ordering wafer/dice refer to Section 10, page 10-1. 

ELECTRICAL CHARACTERISTICS (25X unless othen^/ise noted) 



SYMBOL 






TEST CONDITIONS 


2N4856,59 


2N4857,60 


2N4858,61 


UNIT 


PARAMETER 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


bvgss 


Gate-Source 
Breal<down Voltage 


2N4856-58 


Ig=-imA, Vds = o 


-40 




-40 




-40 




V 


2N4859-61 


-30 




-30 




-30 




Igss 


Gate Reverse Current 




Vgs=-20V, Vds = 




-250 




-250 




-250 


pA 


Ta=150°C 


Vgs= -15V, VdS-0 




-500 




-500 




-500 


nA 


iD(off) 


Drain Cutoff Cun-ent 




Vds = 15V, Vgs= -10V 




250 




250 




250 


pA 


Ta=150°C 




500 




500 




500 


nA 


VGS(ofO 


Gate-Source Cutoff Voltage 


Vds=15V, lD = 0.5nA 


-4 


-10 


-2 


-6 


-0.8 


-4 


V 


loss 


Saturation Drain Current 
(Note 1) 


Vds=15V, Vgs»0 


50 




20 


100 


8 


80 


mA 


VDS(on) 


Drain-Source ON Voltage 


Vgs = o. Id = () 




0.75 
(20) 




0.50 
(10) 




0.50 
(5) 


V 
(mA) 


rds(on) 


Drain-Source ON Resistance 


VgS = 0. Id = |f = 1kHZ 




25 




40 




60 


ohm 
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2N4856-2N4861 2N4856-2N4858 
JAN, JTX, JTXV* 

ELECTRICAL CHARACTERISTICS (CONT.) 



SYMBOL 


PARAMETER 






2N4856,59 


2N4857,60 


2N4858,61 


UNIT 


TEST CONDITIONS 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


C,8S 


Common^Source Input Capacitance 


Vds = o, Vgs= -10V 
(Note 2) 


f=1MH2 




18 




18 




18 


PF 


Crss 


Common-Source Reverse Transfer 
Capacitance 




8 




8 




8 


td 


Turn-ON Delay Titiie (Note 2) 


464^ (2N4856,59) 
Vdd = 10V, Rl = 953^ (2N4857,60) 
VGS(on) = 1 91 on (2N4858,61 ) 
VGS(off)= -10V. Id = 20 mA (2N4856.9) 




6 




6 




10 


ns 


tr 


Rise Time (Note 2) 




3 




4 




10 


toff 


Turn-OFF Time (Note 2) 


VGSoff)= -6V. Id = 10mA (2N4857.60) 
VGS(off)= -4V, Id -5mA (2N4858.61) 




25 




50 




100 



10 

Z 



NOTES: 1. Pulse test required, pulse 
2, For design reference only, 


width = lOO/us, duty cycle < 
not 100% tested. 


10%. 














Vdd 












< n, _ Vdd-Vds(on) 






ViNO- 




c 


) 


OVoUT 






rg <: 


i 




; 










SOQ S 














•±r 






r 












TC001S1I 1 



10 

z 

09 

in 

00 
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I 



(0 
€0 



iN48«7/A-2N4869/A 

N-Channel JFET 
Low Noise Amplifier 




FEATURES 

• tow Nordic Voltage 

• Low Leakage 

• High Gain 



PIN CONFIGURATION 



TO-72 




CHIP TOPOGRAPHY 



5005 




NOTE. SUBSTRATE 
IS GATE 



ORDERING INFORMATION'' 



ABSOLUTE MAXIMUM RATINGS 

(Ta = 25*'C unless otherwise noted) 

Gate-Source or Gate-Drain Voltage -40V 

Gate Current 50mA 

Storage Temperature Range - 65°C to + 200''C 

Operating Temperature Range - 55°C to + 200°C 

Lead Temperature (Soldering, 10sec) +300°C 

Power Dissipation 300mW 

Derate above 25X 1.7mW/°C 



TO-72 


WAFER 


DICE 


2N4867 


2N4867/W 


2N4867/D 


2N4867A 


2N4867A/W 


2N4867A/D 


2N4868 


2N4868/W 


2N4868/D 


2N4868A 


2N4868A/W 


2N4868A/D 


2N4a69 


2N4869/W 


2N4869/D 


2N4869A 


2N4869A/W 


2N4869A/D 



*When ordering wafer/dice refer to Section 10, page 10-1. 

ELECTRICAL CHARACTERISTICS (25°C unless othenvlse noted) 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


2N4867 
2N4867A 


2N4868 
2N4868A 


2N4869 
2N4869A 


UNIT 




MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


Igss 




Vgs= -30V, Vds = 




-0.25 




-0.25 




-0.25 


nA 


Gate Reverse Current j j ^ ^^qcq 




-0.25 




-0.25 




-0.25 


mA 


bvgss 


Gate-Source Breakdown Voltage 


|q= _ipiA, Vds = 


-40 




-40 




-40 




V 


VGS(off) 


Gate-Source Cutoff Voltage 


Vds = 20V, Id = 1mA 


-0.7 


-2 


-1 


-3 


-1.8 


-5 


loss 


Saturation Drain Current 
(Note 1) 


Vds = 20V, Vgs = 


0.4 


1.2 


1 


3 


2.5 


7.5 


mA 


gfs 


Common-Source Fon^^ard 
Transconductance (Note 1) 


Vds = 20V, Vgs = o 


f = 1kHz 


700 


2000 


1000 


3000 


1300 


4000 


ns 


Qos 


Common-Source Output 
Conductance 




1.5 




4 




10 


Crss 


Common-Source Reverse 
Transfer Capacitance (Note 2) 


f = 1MHz 




5 




5 




5 


PF 


C,ss 


Common-Source Input 
Capacitance (Note 2) 




25 




25 




25 
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2N4867/A-2N4869/A 

ELECTRICAL CHARACTERISTICS (CONT.) 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


2N4867 
2N4867A 


2N4868 
2N4868A 


2N4869 
2N4869A 


UNIT 






MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


in 




Vds=10V. 

Vgs = o 


f=10Hz 




20 




20 




20 


nV 
VHz 


Short Circuit Equivalent Input 


f=1kHz 




10 




10 




10 


Noise Voltage 
(Note 2) 


A devices 


f=10Hz 




10 




10 




10 


f=1kHz 




5 




5 




5 


NF 


Spot Noise Figure (Note 2) 


Vds=10V, Vgs = 

Rgen = 20K, (2N4867 Series) 

Rqen = 5K, (2N4867A Senes) 


f=1kHz 




1 




1 




1 


dB 



10 



> 
z 

00 
<0 



NOTES: 1 . Pulse test duration = 2ms. 

2. For design reference only, not 100% tested. 
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o 

z 

Ci 

§ 

z 



2N5018, 2N5019 

P-Channel JFET 
Switch 

FEATURES 

« Low Insertion Loss 

.• No Offset or Error Voltages Generated By 

Closed Switch 
• Purely Resistive 



PIN CONFIGURATION 



TO-18 




ORDERING INFORMATION* 



TO-18 


WAFER 


DICE 


2N5018 


2N5018/W 


2N5018/D 


2N5019 


2N5019/W 


2N5019/D 



*When ordering wafer/dice refer to Section 10, page 10-1. 

ELECTRICAL CHARACTERISTICS (@ 




APPLICATIONS 

• Analog Switches 

• Commutators 

• Choppers 



CHIP TOPOGRAPHY 



5508 



■0037 0035 oL 

0027 0025 ^ 



Mir 



0035 0037 
' 0025 0027 



NOTE SUBSTRATE IS GATE 



ABSOLUTE MAXIMUM RATINGS 

(Ta = 25°C unless otherwise noted) 

Gate-Drain or Gate-Source Voltage 30V 

Gate Current 50mA 

Storage Temperature Range - 65°C to + 200°C 

Operating Temperature Range - 55°C to + 200°C 

Lead Temperature (Soldering, 10sec) +300°C 

Power Dissipation 500mW 

Derate above 25X 3mW/°G 



25°C unless othenA^ise noted) 



SYMBOL 


PARAMETER 








2N5018 


2N5019 


UNIT 


. 


MIN 


MAX 


MIN 


MAX 


bvgss 


Gate-Source Breakdown Voltage 


Ig ^imA. Vds = o 


30 




30 




V 


Iqssr 


Gate Reverse Current 


Vgs = 15V, Vds = 




2 




2 


nA 


iD(off) 




VdS=-15V, 


VGS-12V (2N5018) 
Vgs = 7V (2N5019) 




-10 




-10 


Dram Cutoff Current U ^-|50<>c 




-10 




-10 


mA 


Idgo 


Dram Rever;??? Current 


Vdg= -15V, ls = 




-2 




-2 


nA 


|Ta = 150X 




-3 




-3 


mA 


VGS(off) 


Gate-Source Cutoff Voltage 


Vds=-15V, Id=-1mA 




10 




5 


V 


loss 


Saturation Drain Current 


Vds=-20V, Vgs==0 


-10 




-5 




mA 


VDS(on) 


Drain-Source ON Voltage 


Vgs = 0, Id = -6mA (2N5018), 
Id= ~3mA (2N5019) 




-0.5 




-0.5 


V 


TdsCon) 


Static Drain-Source ON Resistance 


Id= -1mA, Vgs = 




75 




150 


a 


i'ds(on) 


Drain-Source ON Resistance 


Id = 0, Vqs = 


f=1kHz 




75 




150 


Ciss 


Common-Source Input Capacitance (Note 1) 


Vds=-15V,Vgs = 


f=1MHz 




45 




45 


PF 


Crss 


Common-Source Reserve Transfer 
Capacitance (Note 1) 


Vds = 0, Vgs = ''2V 
(2N5018), 
Vgs = 7V (2N5019) 




10 




10 
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2N5018, 2N5019 



ELECTRICAL CHARACTERISTICS (CONT.) 














SYMBOL 


PARAMETER 


TEST CONDITIONS 


2N5018 


2N5019 


UNIT 


MIN 


MAX 


MIN 


MAX 


td{on) 


Turn-ON Delay Time (Note 1) 


Vdd=-6V, VGS(on)«0 

VGS(off) iD(on) 
2N5018 12V -6mA 
2N5019 7V -3mA 


Rl 

910J2 
1.8kn 




15 




15 


ns 


tr 


Rise Time (Note 1) 




20 




75 


td(off) 


Turn-off Delay Time (Note 1) 




15 




25 


tf 


Fall Time (Note 1) 




50 




JOO 



z 
o 

wJk 

p 

Z 

s 



NOTES: 1. For design reference only, not 100% tested. 



Vqg 



Vdd 



O.VF 



VlNO- 



: 510 




INPUT PULSE 
RISE TIME < ins 
FALL TIME < Ins 
PULSE WIDTH 100ns 
REPLETION RATE IMHi 



SAMPLING SCOPE 
RISE TIME 0.4ns 
INPUT RESISTANCE 10M12 
INPUT CAPACITANCE I.SpF 



7.5K 



51 Q 
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(0 

1- 

ID 



2N5114-2N5116, 

JAN, JTX, JTXV 

P-Chahnel JFET 
Switch 



GENERAL DESCRIPTION 

Ideal for inverting switching or "Virtual Qnd" switching 
into inverting input of Op. Amp. No driver is required and 
± 10V AC signals can be handled using only + 5V logic (TTL 
or CMOS). 




^ 



FEATURES 

• Low ON Resistance 

• iD(off) < SOOpA 

• Switches directly from TTL Logic 




CHIP TOPOGRAPHY 



5508 



0037 
0027 



iM 



0035 
0025 



.0037 
0027 



NOTE SUBSTRATE IS GATE 



ORDERING INFORMATION* 



T018t 


WAFER 


DICE 


2N5114 


2N5114/W 


2N5114/D 


2N5115 


2N5115/W 


2N5115/D 


2N5116 


2N5116/W 


2N5116/D 



*When ordering wafer/dice refer to Section 10, page 10-1. 

fadd JAN, JTX, JTXV to basic part number to specify these devices. 



ABSOLUTE MAXIMUM RATINGS 

(Ta = 25°C unless otherwise noted) 

Gate-Drain or Gate-Source Voltage 30V 

Gate Current 50mA 

Storage Temperature Range - 65°C to + 200°C 

Operating Temperature Range - SS^'C to + 200*'G 

Lead Temperature (Soldering, 10sec) ....+300°C 

Power Dissipation 500mW 

Derate above 25*'C '. 3mW/°C 



SWITCHING CHARACTERISTICS (25°C unless otherwise noted) 








PARAMETER 


2N5114 


2N5115 


2N5116 


JAN TX 
2N5114 


JAN TX 
2N55115 


JAN TX 
2N5116 


UNiT 


MAX 


MAX 


MAX 


MAX 


MAX 


MAX 


td Turn-ON Delay Time 


6 


10 


12 


6 


10 


25 


ns 


tr Rise Time (Note 2) 


10 


20 


30 


10 


20 


35 


Turn-OFF Delay Time 
^^ (Note 2) 


6 


8 


10 


6 


8 


20 


tf Fall Time (Note 2) 


15 


30 


50 


15 


30 


60 



ELECTRICAL CHARACTERISTICS (25X unless othenvise noted) 



SYMBOL 






TEST CONDiTiONS 


2N5114 


2N5115 


2N5116 


UNIT 


PARAMETbK 


MiN 


MAX 


MIN 


MAX 


MIN 


MAX 


bvgss 


Gate-Source Breakdown Voltage 


Ig = 1mA. Vds = 


30 




30 




30 




V 


Igss 


Gate Reverse Current 




Vgs = 20V, Vds = 




500 




500 




500 


pA 


Ta^ISO'C 




1.0 




1.0 




1.0 


mA 


iD(off) 






2N5114 = 12V 
Vds = -15V, Vgs = 2N5115 = 7V 
2N5116 = 5V 




-500 




-500 




-500 


pA 


Drain Cutoff Current 


Ta=150°C 




-1.0 




-1.0 




-1.0 


mA 


Vp 


Gate-Source Pinch-Off Voltage 


Vds = -15V, lD=-1nA 


5 


10 


3 


6 


1 


4 


V 
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Note: All typical values have been guaranteed by charactenzatibn and are not tested. 



2N5114-2N5116, JAN, JTX, JTXV 

ELECTRICAL CHARACTERISTICS (CONT.) 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


2N5114 


2N5115 


2N5116 


UNIT 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


loss 


Dram Current at Zero Gate Voltage 
(Note 1) 


2N5114=-18V 

Vgs = 0, Vds= 2N5115=-15V 

2N5116=-15V 


-30 


-90 


-15 


-60 


-5 


-25 


mA 


VGS(f) 


Forward Gate-Source Voltage 


Ig= -1mA, Vds = 




-1 




-1 




-1 


V 


VDS(on) 


Dram-Source ON Voltage 


2N5114=-15mA 
VgS = 0, Id= 2N5115=-7mA 
, 2N5116=-3mA 




-1.3 




-0.8 




-0.6 


roSCon) 


Static Dram-Source ON Resistance 


VgS = 0, Id= -1mA 




75 




100 




150 


n . 


TdsCon) 


Small-Signal Dram-Source ON 


Vgs = 0, Id = 0, f=1kHz 




75 - 




100 




150 


Resistance |jan TX only 




75 




100 




175 


C,ss 


Common-Source Input 


Vds= -15 V, Vgs = 0. f=1MHz 




25 




25 




25 


PF 


Capacitance (Note 2) jjan TX only 




25 




25 




27 


Crss 


Common-Source Reverse 
Transfer Capacitance (Note 2) 


2N5114 = 12V 
VdS=0,Vgs= 2N5115 = 7V 
f=1MHz 21N5116 = 5V 




7 




7 




7 



NOTES: 1. 

2. 



Pulse test; duration = 2ms. 

For design reference only, not 100% tested. 



10 



10 

z 



> 

z 



X 

< 



TEST CONDITIONS 




2N5114 


2N5115 


2N5116 


Vdd 


-10V 


-6V 


-6V 


Vgg 


20V 


12V 


8V 


Rl 


43012 


91 oa 


2Kr2 


Rg 


100i2 


22on 


390n 


Id(on) 


-15mA 


~7mA 


-3mA 


ViN 


-12V 


-7V 


-5V 




SAMPLING SCOPE 

RISE TIME 4 ns 

INPUT RESISTANCE 10 MHz . 

INPUT Capacitance i 5 pf ^ 




TYPICAL PERFORMANCE CHARACTERISTICS 





V 


p vs rDS(ON) 








^~^ 
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2ii5117-2N5119 

Dielectricaily Isolated Dual PNP 
General Purpose Amplifier 




:^ 



1 



FEATURES 

• High Gain at Low Current 

• Low Output Capacitance 

• Good hpE Match 

• Tight Vbe Tracking 

• Dielectricaily Isolated Matched Pairs for 
Differential Amplifiers 



PIN CONFIGURATION 



TO-78 




El "i 



CHIP TOPOGRAPHY 

4501 






^ 



I 0029 0029 
0039 .0039 
TYP 2 PLACES 



BASE 0030 0030 
.0040 .0040 
COLLECTOR TYP 2 PLACES 
0035 0034 
0045 0044 

TYP 2 PLACES 

CT001711 



ORDERIN 


G INFOR 


MATION* 


TO-78 


WAFER 


DICE 


2N5117 


2N5117/W 


2N5117/D 


2N5118 


2N5118/W 


2N5118/D 


2N5119 


2N5119/W 


2N5119/D 



ABSOLUTE MAXIMUM RATINGS 

(Ta =^ 25°C unless otherwise noted) 
Collector-Base or Collector-Emitter 

Voltage (Note 1) -45V 

Emitter-Base Voltage (Notes 1 and 2) - 7V 

Collector-Collector Voltage 100V 

Collector Current (Note 1) ^ 10mA 

Storage Temperature Range - 65°C to + 200°C 

Operating Temperature Range l- 55°C to + 200*C 

Lead Temperature (Soldering, lOsec) .+300X 

ONE SIDE BOTH SIDES 



Power Dissipation.... 400mW 

Derate above 25X 2.3mW/'*C 



750mW 
4.3mW/°C 



*When ordering wafer/dice refer to Section 10, page 10-1. 

ELECTRICAL CHARACTERISTICS (25°C unless othenA/lse noted) 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


2N5117 
2N5118 


2N5119 


UNIT 




MIN 


MAX 


MIN 


MAX 


hFE 


DC Current Gain 


Ic=10mA, Vce = 5.0V 


100 


300 


50 






IC = SOOjuA, VcE = 5.0V 


10b 




50 




|Ta=-55''Q 


Ic=10mA, VcE = 5.0V 


30 




20 




'CBO 


Collector Cutoff-Current 


Ie = 0, VcB = 30V 




0.1 




0.1 


nA 


|Ta = 150°C 




0.1 




0.1 


ma 


Iebo 


Emitter Cutoff Current 


IC = 0, Veb = 5.0V 




0.1 




0.1 


nA 


IC1-G2 


Collector-Collector Leakage 


Vcc=100V 




5.0 




5.0 


pA 


GBW 


Current Gam Bandwith Product (Note 4) 


IC = 500iuA, VcE = 10V 


100 




100 




MHz 


Cob 


Output Capacitance (Note 4) 


Ie==0. Vcb = 5.0V; f = 1MHz 




0.8 




0.8 


PF 


Cte 


Emitter Transition Capacitance (Note 4) 


lc = 0, Veb = 0.5V, f = 1MHz 




1.0 




1.0 


CC1-C2 


Collector-Collector Capacitance (Note 4) 


Vcc = 0. ^=1MHz ,^ 




0.8 




0.8 


VcE0(sust) , 


Collector-Emitter Sustainipg Voltage 


IC= 1.0mA, Ib = ' 


45 




45 




V 


NF 


Narrow Band Noise Figure (Note 4) 


Ic=10mA, Vce = 5.0V 
BW = 200Hz 


f=1kHz, RG = 10kJ2 




4.0 




4.0 


dB 


BVcBO 


Collector Base Breakdown Voltage 


Ic=10mA, Ie = 


45 




45 




V 


BVebO 


Emitter Base Breakdown Voltage 


Ie-10mA, Ic = 


7.0 




7.0 




V 
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2N5117-2N5119 

MATCHING CHARACTERISTICS (25°C unless otherwise noted) 



SYMBOL 


PARAMETER 






2N5117 


2N5118 


2N5119 


UNIT 


TEST CONui 1 luiMC^ 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


hFEi/hFE2 


DC Current Gam Ratio 
(Note 3) 


IC = 10/LiA to SOOjLiA. Vce = 5V 


0.9 


1.0 












IC = 10)uA, VcE = 5.0V 






0.85 


1.0 


0.8 


1.0 


VBE1-VBE2 


Base-Emitter Voltage 
Differential 


Ic = lO/uA to SOOjuA, VcE = 5V 




3.0 










mV 










5.0 




5.0 


IB1-IB2 


Base Current Differential 








10.0 




15 




40 


nA 


A(VbEi-VbE2)/^T 


Base Voltage Differential 
Change with Temperature 


Ic = 10mA, Vce = 5.0V 


TA=~55''CtO+125''C 




3.0 




5.0 




10 


mv/°c 


^(Ibi-Ib2)/^t 


Base-Current Differential 
Change with Temperature 


Ta= -55XtO +125''C 




0.3 




0.5 




1.0 


nA/X 



z 

(A 

I 
M 

Z 
CM 

■A 

(0 



NOTES: 1. Per transistor. 

2. The reverse base-to-emitter voltage must never exceed 7.0 volts and the reverse base-to-emitter current must never exceed lOpiA. 

3. Lower of two hpE readings is defined as hpEi- 

4. For design reference only, not 100% tested. 
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§ 2N5196-2N5199 

S Dual N-Channel JFET 

^ General Purpose Amplifier 




PIN CONFIGURATION 



TO-71 




CHIP TOPOGRAPHY 


6037 


Si — 


1 






-ilsiJPl 


— D2 






mm 


1 

.017 


D,— 


mm^ 


— S2 


L 


ALL BONO PADS ARE 4 x 4 MIL. 

CT00070I 



ORDERING INFORMATION* 



TO-71 


WAFER 


DICE 


2N5196 


2N5196/W 


2N5196/D 


2N5197 


2N5197/W 


2N5197/D 


2N5198 


2N5198/W 


2N5198/D 


2N5199 


2N5199/W 


2N5199/D 



ABSOLUTE MAXIMUM RATINGS 

(Ta = 25°C unless otherwise noted) 

Gate-Source or Gate-Drain Voltage (Note 1) -50V 

Gate Current (Note 1) 50mA 

Storage Temperature Range -65°C to +200X 

Operating Temperature Range -55°G to +150X 

Lead Temperature (Soldering, 10sec) + 300*0 

ONE SIDE BOTH SIDES 

Power Dissipation (Ta = 85X) .... 250mW SOOmW 

Derate above 25°C 2.6mW/'^C 4.3mW/°C 



*When ordering wafer/dice refer to Section 10, page 1( 

ELECTRICAL CHARACTERISTICS 



(25°C unless otherwise noted) 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN 


MAX 


UNIT 


IGSS 


Gate Reverse Current 


Vgs = -30V, Vds = o 




-25 


pA 


|Ta = 150°C 




-50 


nA 


bvgss 


Gate-Source Breakdown Voltage 


Ig'-imA. Vds = o 


-50 




V 


VGS(off) 


Gate-Source Cutoff Voltage 


Vds = 20V, lD = 1nA 


-0.7 


-4 


vgs 


Gate-Source Voltage 


Vdg = 20V, lD = 200iuA 


-0.2 


-3.8 


IG 


Gate Operating Current 




-15 


pA 


|Ta = 125°C 




-15 


nA 


loss 


Saturation Drain Current (Note 2) 


Vds = 20V, Vgs = o 


0.7 


7 


mA 


gfs 


Common-Source Forward Transconductance (Note 2) 


Vds = 20V, Vgs = o 


f=1kHz 


1000 


4000 


US 


gfs 


Common-Source Forward Transconductance (Note 2) 


Vdg = 20V, Id = 200mA 


700 


1600 


gos 


Common-Source Output Conductance (Note 2) 


Vds = 20V, Vgs = o 




50 


gos 


Common-Source Output Conductance (Note 2) 


Vdg = 20V, Id = 200iuA 




4 


C,ss 


Common-Source Input Capacitance (Note 4) 


Vds = 20V, Vgs = o 


f=1MHz 




6 


PF 


Crss 


Common-Source Reverse Transfer Capacitance 
(Note 4) 




2 


NF 


Spot Noise Figure (Note 4) 


f = 100Hz. 
Rg = 10M^ 




0.5 


dB 


in 


Equivalent Input Noise Voltage (Note 4) 


f =1kHz 




20 


MnV 

VHz 
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2N5196-2N5199 

ELECTRICAL CHARACTERISTrCS (CONT.) 



SYMBOL 


PARAMETER 






2N5196 


2N5197 


2N5198 


2N5199 


UNIT 


TEST CONuiiiuNS 


MiN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


IIG1-IG2I 


Differential Gate Current 


Vdg = 20V, 
Id = 200/LiA 


125°C 




5 




5 




5 




5 


nA 


Idssi/Idss2 


Saturation Drain Current Ratio 
(Note 2) 


Vds = 20V, Vgs = ov 


0.95 


1 


0.95 


1 


0.95 


1 


0.95 


1 




gfsi/gfs2 


Transoonductance Ratio 
(Note 2) 


Vdg = 20V, 

Id = 200|uA 


f=1kHz 


0.97 


1 


0.97 


1 


0.95 


1 


0.95 


1 




IVGS1-VGS2I 
^Ivgsi=Vgs2I 

AT 


Differential Gate-Source Voltage 

Gate-Source Differential Voltage 

Change with Temperature 
(Note 3) 






5 




5 




10 




15 


mV 


Ta = 25°C 
Tb = 125°C 




5 




10 




20 




40 


mv/x 


Ta=-55°C 
Tr = 25°C 




5 




10 




20 




40 


lgosi-gos2l 


Differential Output Conductance 


f=1kHz 




1 




1 




1 




1 


jUS 



10 

z 

01 



? 

z 
gi 

(0 



NOTES: 1. Per transistor. 

2. Pulse test required, pulsewidth = 300/us, duty cycle < 3% 

3. Measured at endpoints Ta and Tb. 

4. For design reference only, not 100% tested. 
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2N53d7, 2N5398 

N-Channel JFET 

High Frequency Amplifier 



FEATURES 

• Gps=15clB Minimum (Common Gate) at 450MHz 

• Low Noise 

• Low Capacitance 




^ 



PIN CONFIGURATION 



TO-72 




CHIP TOPOGRAPHY 



5011 



NOTE: SUBSTRATE 
IS GATE. 



fB 



\ 



>.0035 „ .0042 



.0035 ^ 00405 
0025 00305 



ORDERING INFORMATION* 



TO-72 


WAFER 


DICE 


2N5397 


2N5397/W 


2N5397/D 


2N5398 


2N5398/W 


2N5398/D 



ABSOLUTE MAXIMUM RATINGS 

(Ta = 25°C unless otherwise noted) 

Drain-Gate Voltage 25V 

Drain-Source Voltage 25V 

Continuous Forward Gate Current 10mA 

Storage Temperature Range -65°C to +200°C 

Operating Temperature Range - 55°C to + 1 50°C 

Lead Temperature (Soldering, 10sec) +300X 

Power Dissipation 300mW 

Derate above 25°C 2.4mW/°C 



*When ordering wafer/dice refer to Section 10, page 10-1. 

ELECTRICAL CHARACTERISTICS (25X unless othenvise noted) 



SYMBOL 


PARAMETER 






2N5397 


2N5398 


UNIT 


TEST CONDITiuris» 


MIN 


MAX 


MIN 


MAX 


■gss 


Gate Reverse Current - 


Vgs=-15V, Vds = 






-0.1 




0.1 


nA 


|Ta= +150»C 


ISO'C 




-0.1 




-0.1 


txA 


bvgss 


Gate-Source Breakdown Voltage 


Vds*o, Ig= -ImA 


-25 




-25 




V 


VGS(off) 


Gate-Source Cutoff Voltage 


Vds^IOV. lD = 1nA 


-1.0 


-6.0 


-1.0 


-6.0 


•dss 


Saturation Drain Current (Note 1) 


Vds = 10V. Vds = o 


10. 


30 


5 


40 


mA 


VGS(f) 


Gate-Source Fonward Voltage 


VdS'O. lG = 1mA 




1 




1 


V 


gis 


Common-Source Fonward 
Transconductance (Note 1) 


Vds = 10V. Id = 10mA 


f = 1kHz 


6000 


10.000 






MS 


Vds-iov, Vgs = 






5500 


10,000 


Soss 


Common-Source Output 
Conductance 


Vds-IOV, Id = 10mA 




200 






Vds = iov, Vgs = 








400 


Crss 


Common-Source Reverse Transfer 
Capacitance (Note 2) 


Vds»10V. Id = 10mA 


f=1MHz 




1.2 






PF 


Vds-iov, Vgs = o 








1.3 


Ciss 


Common-Source Input Capacitance 
(Note 2) 


Vdg = 10V, Id = 10mA 




5.0 






Vds = iov. Vgs = 








5.5 
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Note: All typical values have been guaranteed by characterization and are not tested. 



2N5397, 2N5398 

ELECTRICAL CHARACTERISTICS (CONT.) 



SYMBOL 


PARAMETER 






2N5397 


2N5398 


UNIT 


TEST CONDmuiM&» 


MIN 


MAX 


MIN 


MAX 


9iss 


Common-Source Input 
Conductance (Note 2) 


Vdg=10V, Id = 10mA 


f = 450MHz 




2000 






/us 


Vdg = iov, Vgs = 








3000 


Ooss 


Common-Source Output 
Conductance (Note 2) 


Vdg = 10V, Id = 10mA 




400 . 






Vds = iov, Vgs = 








500 


Qfs 


Common-Source Forward 
Transconductance (Note 1, 2) 


Vdg = 10V, Id = 10mA 


5500 


9000 






Vds=10V, Vgs = 






5000 


10,000 


Gps 


Common-Source Power Gain (neutralized) 


Vdg = 10V, Id = 10mA 
(Note 2) 


15 








dB 


NF 


Common-Source, Spot N^se 
Figure (neutralized) 




3.5 







z 

Q 
<0 



00 



NOTES: 1 . Pulse test duration = 2ms 

2. For design reference only, not 100% tested. 
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I 2N5432^2N5434 

i N-Channel JFET Switch 



I 

CI 

If) 

z 




FEATURES 

• Low rds<on) 

• Excellent Switching 

• Low Cutoff Current 



PIN CONFIGURATION 

TO-52 




CHIP TOPOGRAPHY 



5018 




.0035 ,. .0036 
.0025 .0026 



NOTE- SUBSTRATE 
IS GATE 



ORDERING INFORMATION* 



TO-52 


WAFER 


DICE 


2N5432 


2N5432/W 


2N5432/D 


2N5433 


2N5433/W 


2N5433/D 


2N5434 


2N5434/W 


2N5434/D 



*When ordering wafer/dice refer to Section 10, page 10-1. 



ABSOLUTE MAXIMUM RATINGS 

(Ta = 25°C unless otherwise noted) 

Gate-Source Voltage -25V 

Gate-Drain Voltage -25V 

Gate Current 100mA 

Drain Current 400mA 

Storage Temperature Range - 65°C to + 200''C 

Operating Temperature Range - 55°C to + 1 50°C 

Lead Temperature (Soldering, l6sec) +300**C 

Power Dissipation 300mW 

Derate above 25°C 2.3mW/X 



ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 



SYMBOL 


PARAMETER 






2N5432 


2N5433 


2N5434 


UNIT 


TEST CONDITIuNd 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


Igss 




Vgs=-15V, Vds = 




-200 




-200 




-200 


pA 


Gate Reverse Current |ta = 150°C 




-200 




-200 




-200 


nA 


bvgss 


Gate Source Breakdown Voltage 


|q=_1^A, Vbs = 


-25 




-25 




-25 




V 


iD(off) 




Vds = 5V, Vgs=-iov 




200 




200 




200 


pA 


Drain Cutoff Current U ^^sqoc 




200 




200 




200 


nA 


VGS(off) 


Gate-Source Cutoff Voltage 


Vds = 5V, lD = 3nA 


-4 


-10 


-3 


-9 


-1 


-4 


V 


loss 


Saturation Dram Current 
(Note 1) 


Vds = 15V, Vgs = 


150 




100 




30 




mA 


rDS(on) 
VDS(on) 


Static Drain-Source ON Resistance 
Dram-Source ON Voltage 


Vgs = 0, Id = 10mA 


2 


5 




7 




10 


ohm 




50 




70 




100 


mV 


•■ds(on) 


Dram-Source ON Resistance 


Vgs = o, Id = 


f=1kHz 




5 




7 




10 


ohm 


C,ss 


Common-Source Input Capacitance 
(Note 2) 


Vds = o, Vgs= -10V 


f=1MHz 




30 




30 




30 


PF 


Crss 


Common-Source Reverse Transfer 
Capacitance (Note 2) 




15 




15 




15 
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Note. All typical values have been guaranteed by characterization and are not tested. 



2N5432-2N5434 

ELECTRICAL CHARACTERISTICS (CONT.) 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


2N5432 


2N5433 


2N5434 


UNIT 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


td 


Turn-ON Delay Time (Note 2) 


Vdd=1-5V, 
VGS(on) = 0, 
VGS(off)=-12V 
lD(on) = 10mA 




4 




4 




4 


ns 


tr 


Rise Time (Note 2) 




t 




1 




1 


toff 


Turn-OFF Delay Time (Note 2) 




6 




6 




6 


tf 


Fall Time (Note 2) 




30 




30 




30 



Z 

(n 

Ik 



tt 

JH 



N0T£S: 1. Pulse test required, pulsewidth 300/lis, duty cycle < 3%. 
2. For design reference only, not 100% tested. 



VoD 



Rl 



VddVds(on) 

iD(ON) 



-O VoUT 



VlNO- 



Rg 

50Q 
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01 

10 
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2N54S2«2N5454 

Dual N-Channel JFET 
General Purpose Amplifier 

GENERAL DESCRIPTION 

Matched FET pairs for differential amplifiers. Tfiis family 
of ger^eral purpose FETs is characterized- for low and 
medium frequency differential amplifier applications requir- 
ing low drift and low offset voltage. 




ORDERING INFORMATION* 



TO-71 


WAFER 


DICE 


2N5452 


2N5452/W 


2N5452/D 


2N5453 


2lsf5453/W 


2N5453/D 


2N5454 


2N5454/W 


2N5454/D 



*When ordering wafer/dice refer to Section 10, page 10-1. 




FEATURES 

• Low Offset Voltage 

• Low Drift 

• Low Capacitance 

• Low Output Conductance 



CHIP TOPOGRAPHY 



6037 





— .oa 

1 






•■ 


^m 


IJ 


"■■: 

— D2 


y 


mm 


H 


.017 


-m 


y3 


w 


— S2 











ALL BOND PADS ARE 4x4 MIL. 

CT00070I 



ABSOLUTE MAXIMUM RATINGS 

(Ta = 25°C unless otherwise noted) 

Gate-Source or Gate Drain Voltage 

(Note 1) -50V 

Gate Current (Note 1) 50mA 

Storage Temperature Range - 65*'G to + 200^*0 

Operating Temperature Range -55°C to +150**C 

Lead Temperature (Soldering, 10sec) +300°C 

ONE SIDE BOTH SIDES 



Power Dissipation (Tc = 85X) .... 250mW 
Derate above 25"C 2.9mW/°C 



SOOmW 
4.3mW/*'C 



ELECTRICAL CHARACTERISTICS (Ta = 25X unless othen^^ise noted) 



SYMBOL 


PARAMETER 






2N5452 


2N5453 


2N5454 


UNIT 


TEST CONDITIuNd t 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


Igss 




Vgs = -30V. Vds = o 




"100 




-100 




-100 


pA 


Gate Reverse Current Ij ^ i5o°c 




-200 




-200 




-200 


nA 


bvgss 


Gate-Source Breakdown 
Voltage 


VdS = 0, Ig=-1mA 


-50 




-50 




-50 




V 


VGS{off) 


Gate-Source Cutoff Voltage 


Vds = 20V, lD=1nA 


-1 


-4.5 


-1 


-4.5 


-1 


-4.5 


Vgs 


Gate-Source Voltage 


Vds = 20V, Id = 50/iiA 


-0.2 


-4.2 


-0.2 


-4.2 


-0,2 


-4.2 


VGS(f) 


Gate-Source Fonward Voltage 


VdS = 0, lG = 1mA 




2 




2 




2 


loss 


Saturation Drain Current 


Vds = 20V. Vgs = o 


0.5 


5.0 


0.5 


5.0 


0.5 


5.0 


mA 


gts 


Common-Source Forward 


Vds = 20V. Vgs = o 


f = 1kHz 


1000 


3000 


1000 


3000 


1000 


3000 


jLtS 


Transconductance |(Note 2) 


f= 100MHz 


1000 




1000 




1000 




gos 


Common-Source Output 
Conductance 


f=1kHz 




3.0 




3.0 




3.0 


Vds = 20V. lD = 200/iA 




1.0 




1.0 




1.0 


C,ss 


Common-Source Input 
Capacitance (Note 2) 


Vds = 20V. Vgs = o 


f=1MHz 




4.0 




4.0 




4.0 


PF 


Crss 


Common-Source Reverse 
Transfer Capacitance (Note 2) 




1.2 




1.2 




1.2 


Cdgo 


Drain-Gate Capacitance (Note 2) 


Vdg = 10V. Is = 




1.5 




1.5 




1.5 
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Note: All typical values have been guaranteed by characterization and are not tested. 



2N5452-2N5454 

ELECTRICAL CHARACTERISTICS (CONT.) 



aoiMuii^DiL 



SYMBOL 


PARAMETER 






2N5452 


2N5453 


2N5454 


UNIT 


TEST CONDlTiuNd 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


in 


Equivalent Short Circuit 
Input Noise Voltage 


Vds = 20V. Vgs = 


f=1kHz 




20 




20 




20 


nV 
VHz 


NF 


Common-Source Spot 
Noise Figure (Note 2) 


Vds = 20V, Vgs = 

Rg = 10Mr2 


f= 100Hz 




0.5 




0.5 




0.5 


dB 


Idssi/Idss2 


Dram Saturation Current Ratio 


Vds = 20V, Vgs = 


0.95 


1.0 


0.95 


1.0 


0.95 


1.0 




IVGSI-VGS2I 


Differential Gate-Source Voltage 








5.0 




10.0 




15.0 


mV 


^IVGS1-VGS2i 


Gate-Source Voltage 

Differential Change with 
Temperature 


Vds = 20V, Id = 200mA 


T = 25°Cto -55°C 




0.4 




0.8 




2.0 


T = 25°C to 
+ 125X 




0.5 




1.0 




2.5 


gfsi/gfs2 


Transconductance Ratio 


f=1kHz 


0.97 


1.0 


0.97 


1.0 


0.95 


1.0 




lgosi-gos2! 


Differential Output Conductance 




0.25 




0.25 




0.25 


MS 



10 

z 

s 

10 

I 

10 

01 

4^ 



NOTES: 1. Per transistor. 

2. For design reference only, not 100% tested. 
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§ 2N5457*2N5459 

I N-Channel JFET 

General Purpose Amplifier/Switch 



ei 




PIN CONFIGURATION 



TO-92 




CHIP TOPOGRAPHY 



5010 



0025 
0035 



.0025 
0035' 






/Zl 



m 

t4- 



0046 
0050 



NOTE SUBSTRATE 
IS GATE 



ORDERING INFOR 


NIATION* 


TO-92 


WAFER 


DICE 


2N5457 


2N5457/W 


2N5457/D 


2N5458 


2N5458/W 


2N5458/D 


2N5459 


2N5459/W 


2N5459/D 



*When ordering wafer/dice refer to Section 10, page 10-1. 



ABSOLUTE MAXIMUM RATINGS 

(Ta = 25°C unless otherwise noted) 

Drain-Gate Voltage 25V 

Drain-Source Voltage 25V 

Continuous Forward Gate Current 1 0mA 

Storage Temperature Range - 65°C to + 1 50**C 

Operating Temperature Range - 55°C to + 1 35°C 

Lead Temperature (Soldering, 10sec) +300°C 

Power Dissipation 310mW 

Derate above 25°C 2.82mW/°C 



ELECTRICAL CHARACTERISTICS 


(25°C unless othen^ise noted) 










SYMBOL 


PARAMETER 


TEST CONDITrONS 


MIN 


TYP 


MAX 


UNIT 


bvgss 


Gate-Source Breakdown Voltage 


Ig= -IOmA, Vds = 


-25 


-60 




V 


Igss 


Gate Reverse Current 


Vgs = -15V, Vds = o 




.05 


-1.0 


nA 


Vgs = -15V, Vds = o, Ta = loox 


-200 


VGS(off) 


Gate-Source Cutoff Voltage 


2N5457 


Vds = 15V, lD=10nA 


-0.5 




-6.0 


V 


2N5458 


-1.0 




-7.0 


2N5459 


-2.0 




-8.0 


Vgs 


Gate-Source Voltage 


2N5457 


Vds = 15V, Id = ioomA 
Vds = 15V, Id = 200/uA 
Vds = 15V, Id = 400mA 




-2.5 




V 


2N5458 




-3.5 




2N5459 




-4.5 




loss 


Zero-Gate-Voltage Drain Current 
(Note 1) 


2N5457 


Vds = 15V, Vgs = o 


1.0 


3.0 


5.0 


mA 


2N5458 


2.0 


6.0 


9.0 


2N5459 


4.0 


9.0 


16 


lyfsl 


Fonvard Transfer Admittance 


2N5457 


Vds = 15V, Vgs-O, f=1kHz 


1000 


3000 


5000 


MS 


2N5458 


1500 


4000 


5500 


2N5459 


2000 


4500 


6000 


lyosl 


Output Admittance 


Vds = 15V, Vgs = 0, f=1kHz 




10 


50 


MS 


C,ss 


Input Capacitance (Note 2) 


Vds = 15V, Vgs = 0, f=1MHz 




4.5 


7.0 


PF 


Crss 


Reverse Transfer Capacitance (Note 2) 


Vds = 15V, Vgs = 0, f=1MHz 




1.5 


3.0 


PF 


NF 


Noise Figure (Note 2) 


Vds = 15V, Vgs = o, Rq = imhz 

BW = 1Hz, f = 1kHz 






3.0 


dB 



NOTES: 1. Pulse test required. PW < 630ms, duty cycle < 10% 
2. For design reference only, not 100% tested. 
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2N5460-2N54e5 

P-Channel JFET 
Low Noise Amplifier 




PIN CONFIGURATION 

TO-92 




CHIP TOPOGRAPHY 


5603 


0035 ^ 0036 
y 0025 0025 




T 

015 


■m 


g 0035 .0035 
/' 0025 0025 






NOTE SUBSTRATE 
IS GATE 




^— 016— H 


CT00211I 1 



ORDERING INFORMATION* 



TO-92 


WAFER 


DICE 


2N5460 


2N5460/W 


2N5460/D 


2N5461 


2N5461/W 


2N5461/D 


2N5462 


2N5462/W 


2N5462/D 


2N5463 


2N5463/W 


2N5463/D 


2N5464 


2N5464/W 


2N5464/D 


2N5465 


2N5465/W 


2N5465/D 



ABSOLUTE MAXIMUM RATINGS 

(Ta == 25°C unless otherwise noted) 
Drain-Gate or Source-Gate Voltage 

2N5460 - 2N5462 -40V 

2N5463 - 2N5465 -60V 

Gate Current : 1 0mA 

Storage Temperature Range ^SS^'C to + 1 SO^'C 

Operating Temperature Rarige - 55°C to + 1 35°C 

Lead Temperature (Soldering, lOsec) +300°C 

Power Dissipation 310mW 

Derate above 25*^0 2.82mW/°C 



*When ordering wafer/dice refer to Section 10, page 10-1. 

ELECTRICAL CHARACTERISTICS (25*^C unless otherwise noted) 



SYIWIBOL 


PARAIVIETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


bvgss 


Gate-Source Breakdown Voltage 


2N5460, 2N5461, 


2N5462 


lG = 10iuA, Vds = 


40 






V 


2N5463, 2N5464. 


2N5465 


60 






VGS(off) 


Gate-Source Cutoff Voltage 


2N5460, 2N5463 


Vds=-15V, Id = 1.0mA 


0.75 




6.0 


V 


2N5461, 2N5464 


1.0 




7.5 


2N5462. 2N5465 


1.8 




9.0 


Igss 




2N5460, 2N5461, 


2N5462 


Vds = o 


Vgs = 20V 






5.0 


nA 


Gate Reverse Current 




2N5463, 2N5464, 


2N5465 


Vgs = 30V 






5.0 




Ta = 100''C 


2N5460, 2N5461, 


2N5462 


Vgs = 20V 






1.0 


/txA 


2N5463, 2N5464. 


2N5465 


Vgs ' 30V 






1 


loss 


Zero-Gate Voltage Dram Current 


2N5460, 2N5463 


Vds=-15V 


Vgs = 


-1.0 




-5.0 


mA 


2N5461, 2N5464 


-2.0 




-9.0 


2N5462, 2N5465 


-4.0 




-16 


Vqs 


Gate-Source Voltage 


2N5460, 2N5463 


Id = 0.1mA 


0.5 




4.0 


V 


2N5461, 2N5464 


Id = -0 2mA 


0.8 




4.5 


2N5462, 2N5465 




Id= -0.4mA 


1.5 




6.0 


gts 


Fonvard Transadmittance 


2N5460, 2N5463 


Vds=-15V. 
Vgs = ov 


f= 1.0kHz 


1000 




4000 


pis 


2N5461, 2N5464 


1500 




5000 


2N5462, 2N5465 


2000 




6000 


Qos 


Output Admittance 






75 


MS 


Ciss 


Input Capacitance (Note 1) 


f=1MH2 




.5.0 


7 


pF 


Crss 


Reverse Transfer Capacitance (Note 1) 




1.0 


2.0 


PF 


NF 


Common-Source Noise Figure (Note 1) 


f= 100Hz 
BW = 1 OHz 
RG = 1.0Mri 




1.0 


2.5 


DB 


en 


Equivalent Short-Circuit Input 
Noise Voltage (Note 1) 




60 


115 


nV/ 
n/Hz 



M 

Z 
01 



9 

! 

01 



NOTE 1: For design reference only, not 100% tested. 
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Note: All typical values have been guaranteed by charactenzation and are not tested. 



I 2N54B4-2N5486 

g N-Chanrtel JI^ET 

J High Frequency Amplifier 

I FEATURES 

M • Up to 400MHz Operation 

• Economy Packaging 

• Crss < 1-OpF 




PIN CONFIGURATION 



TO-92 



CHIP TOPOGRAPHY 


0035 5000 
-0025 FULL R 




t ' 


Wi" 


, 0035 ^ 0035 

J70025 0025 


017 


^Bv 




_L 


m 


■fc3^ 


S(1) 


T 

NOTE SUBSTRATE 
IS GATE 




♦ 


0062 
0066 


r- 




41 017 




CT00221I 



ORDERING INFORMATION* 



Tp-92 


WAFER 


DICE 


2N5484 


2N5484/W 


2N5484/D 


2N5485 


2N5485/W 


2N5485/D 


2N5486 


2N5486/W 


2N5486/D 



ABSOLUTE MAXIMUM RATINGS 

(Ta = 25^*0 unless otherwise specified) 

Drain-Gate Voltage 25V 

Source Gate Voltage 25V 

Drain Current 30mA 

Fon/vard Gate Current 1 0mA 

Storage Temperature Range -65°C to +150°C 

Operating Temperature Range - 55°C to + 1 35°C 

Lead Temperature (Soldering, 10sec) +300°C 

Power Dissipation 31 Om W 

Derate above 25°C 2.82mW/^C 



*When ordering wafer/dice refer to Section 10, page 10-1. 

ELECTRICAL CHARACTERISTICS (25*'C uhless othen/vise noted) 



SYMBOL 


PARAMETER 






r" 

2N5484 


2N5485 


2N5486 


UNIT 


TEST CONDITION^ 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


Igss 




Vgs=~20V, Vds = 




-1.0 




-1.0 




-1.0 


nA 


Gate Reverse Current Ij. .^loox 




-200 




-200 




-200 


bvgss 


Gate-Source Breakdown Voltage 


Ig = -imA, Vds = 


-25 




-25 




-25 




V 


VGS(off) 


Gate-Source Cutoff Voltage 


Vds=15V, lD=10nA 


-0.3 


-3.0 


-0.5 


-4.0 


-2.0 


-6.0 


loss 


Saturation Drain Current 


Vds = 15V, Vgs = O (Note 1) 


1.0 


5.0 


4.0 


10 


8.0 


20 


mA 


gfs 


Common-Source Fonvard 
Transconductance 


Vds=15V, Vgs = 


f=1kHz 


3000 


6000 


3500 


7000 


4000 


8000 


IJ.S 


gos 


Common-SoUrce Output 
Conductance 




50 




60 




75 


Re(yfs) 


Common-Source Fonvard 
Transconductance (Note 2) 


f=100MHz 


2500 












f = 400MHz 






3000 




3500 




Re(yos) 


Common-Source Output 
Conductance (Note 2) 


f= 100MHz 




75 










f = 400MHz 








100 




100 


Re(y,s) 


Common-Source Input 
Conductance (Note 2) 


f= 100MHz 




100 










f = 400MHz 








1000 




1000 


C,ss 


Common-Source Input 
Capacitance (Note 2) 


f =1MHz 




5.0 




5.0 




5.0 


pF 


Crss 


Common-Source Reverse 
Transfer Capacitance (Note 2) 




1.0 




1.0 




1.0 


Cqss 


Common-Source Output 
Capacitance (Note 2) 




2.0 




2.0 




2.0 



2-50 
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2N5484-2N5486 

ELECTRICAL CHARACTERISTICS (CONT.) 



SYMBOL 


PARAMETER 






2N5484 


2N5485 


2N5486 


UNIT 


TEST CONDITION^ 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


NF 


Noise Figure 
(Note 2) 


Vds=15V, Vgs = 0, RG = 1Mn 


f=1kHz 




2.5 




2.5 




2.5 


dB 


Vds = 15V, VD=1mA, 


f= 100MHz 




3.0 










Vds=15V, Id = 4mA, 








2.0 




?.o 


f = 400MHz 








4.0 




4.0 


Gps 


Common-Source Power Gain 
(Note 2) 


Vds*15V, Id = 1mA 


f= 100MHz 


16 


25 










Vds = t5V, Id = 4mA 






18 


30 


18 


30 


f = 400MHz 






10 


20 


10 


20 



z 
til 

4^ 
m 

f 

K 

Z 
til 
4k 
CO 




NOTES: 1 Pulse test required. Pulse width = 300jus, duty cycle < 3%. 
2. For design reference only, not 100% tested. 
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Note: All typical values have been guaranteed by cnaracterlzation and are not tested. 



ID 
ID 

Z 
M 

"I" 
ID 

01 



2il5515-2N5524 

Dual N-Channel JFET 
Low Noise Amplifier 

FEATURES 

• Tight Temperature Tracking 

• Tiglit Matching 

• High Common IMode Rejection 

• Low Noise 



PIN CONFIGURATION 

TO-71 




ORDERING INFORMATION 



TO-7^ 


WAFER 


DICE 


2N5515 


2N5515/W 


2N5515/D 


2N5516 


2N5516/W 


2N5516/D 


2N5517 


2N5517/W 


2N5517/D 


2N5518 


2N5518/W 


2N5518/D 


2N5519 


2N5519/W 


2N5519/D 


2N5520 






2N5521 






2N5522 






2N5523 






2N6524 








CHIP TOPOGRAPHY 



(2N5515-19) 
6037 



(2N5520-24) 




-T 




0035 „ 0080 
0025 0070 
TYP 2 PIECES 

0037 0037 

0027 0027 
TYP 2 PLACES 



0035 
0025 
TYP 2 PLACES 



ALL BONO PADS ARE 4 x 4 MIL 



ABSOLUTE MAXIMUM RATINGS 

(Ta = 25°C unless otherwise specified) 

Gate-Source or Gate-Drain Voltage - 40V 

Gate Current (Note 1) 50mA 

Storage Temperature Range -65°C to +200°C 

Operating Temperature Range - 55°C to + 1 50*'C 

Lead Temperature (Soldering, 1 0sec) , + 300°C 

ONE SIDE BOTH SIDES 



Power Dissipation (Ta = 85°C) .... 250mW 
. Derate above 25°C 2.0mW/°C 

NOTE: Per transistor. 



375mW 
3.0mW/X 



*When ordering wafer/dice refer to Section 10, page 10-1. 

ELECTRICAL CHARACTERISTICS (25°C unless othenvise noted) 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN 


MAX 


UNIT 


loss 




Vgs= -30V, Vds = 




-250 


pA 


Gate Reverse Current U ^ 1500c 




-250 


nA 


BVgss 


Gate-Source Breakdown Voltage 


Ig = -imA, Vds = 


-40 




V 


Vp 


Gate-Source Pinch-Off Voltage 


Vds = 20V, lD=1nA 


-0.7 


-4 


loss 


Drain Current at Zero Gate Voltage (Note 1) 


Vds = 20V, Vgs = 




05 


7.5 


mA 


gts 


Common-Source Forward Transconductance 
(Note 1) 


f = 1kHz 


1000 


4000 


jUS 




10 


Qoss 


Common-Source Output Conductance 


Crss 


Common-Source Reverse Transfer 
Capacitance (Note 3) 


f = 1MHz 




5 


PF 




25 


C,ss 


Common-Source Input Capacitance (Note 3) 
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2N5515-2N5524 

ELECTRICAL CHARACTERISTICS (CONT.) 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN 


MAX 


UNIT 


in 


Equivalent Input Noise Voltage 
(Note 3) 


2N5515-19 


Vdg = 20V. Id = 200/LiA 


f = 10Hz 




30 


nV/VHi 


2N5520-24 




15 


2N5515-24 


f=1kHz 




10 


IG 


Gate Current 








-100 


pA 


|Ta=125»C 




^100 


nA 


Vgs 


Gate Source Voltage 




-0.2 


-3.8 


V 


gfs 


Common-Source Forward Transconductance 
(Note 1) 


f=1kHz 


500 


1000 


US 


Qoss 


Common-Source Output Conductance 






1 


US 



MATCHING CHARACTERISTICS (25°C unless otherwise noted) 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


2N5515,20 


2N5516,21 


2N5517,22 


2N5518,23 


2N5519,24 


UNIT 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


Idssi/Idss2 


Dram Current Ratio at 
Zero Gate Voltage (Note 1) 


Vds = 20V, Vgs = ' 


0.95 


1 


0.95 


1 


0.95 


1 


0.95 


1 


0.90 


1 




























Iigi - IG2I 


Differential Gate Current 
( + 125°C) 


Vdg = 20V, Id = 200mA 




10 




10 




10 




10 




10 


nA 


gfsi/gfs2 


Transconductance Ratio 
(Note 1) 


Vdg = 20V, Id = 200mA 
f = 1kHz 


0.97 


1 


0.97 


1 


0.95 


1 


0.95 


1 


0.90 


1 
























Igossi - goss2i 


Differential Output 
Conductance 


Vdg = 20V, Id = 200mA 

f =1kHz 




0.1 




01 




0.1 




0.1 




0.1 


MS 


Ivgsi - VGS2I 


Differential Gate-Source 
Voltage 


Vdg = 20V, Id = 200//A 




5 




5 




10 




.15 




15 


mV 


AIVgSI - VgS2 1 
AT 


Gate-Source Voltage 

Differential Dnft 

(Ta= -55X to +125°C) 


VDG = 20y, Id = 200mA 




5 




10 




20 




40 




80 


mv/ 


CMRR 


Common Mode Rejection 
Ratio (Note 2, 3) 


Vdd = 10 to 20V, 
Id = 200mA 


100 




100, 




90 












dB 



NOTES: 1. Pulse duration of 28ms used dunng test. 

2. CMRR = 20 logtoAVDD/AIVGSI- VgS2I. (AVdd 

3. For design reference only, not 100% tested. 



01 



10 

z 



10V) 



2-53 
Note: All typical values have been guaranteed by charactenzation and are not tested. 



z 
A 

C9 



2N5638-2N5640 

N-Channel JFET Switch 



FEATURES 

• Economy Packaging . 

• Fast Switching 

• Low Drain-Source 'ON' Resistance 




PIN CONFIGURATION 

TO-92 



CHIP TOPOGRAPHY 

5001 

001K f OLt l«A0.OS - OOM . 


001 ?6 (OAAINI ^ 


1 «« |nOT£ 


SUUTIIATCtSSATf 


019 
023 


■■J! 

i i 1 0123 




(—:;:— 


(SOOHCII 

CT00090I 



ORDERING INFORMATION* 



TO-92 


WAFER 


DICE 


2N5638 


2N5638/W 


2N5638/D 


2N5639 


2N5639/W 


2N5639/D 


2N5640 


2N5640/W 


2N5640/D 



ABSOLUTE MAXIMUM RATINGS 

(Ta = 25°C unless otherwise specified) 

Drain-Source Voltage 30V 

Drain-Gate Voltage 30V 

Source-Gate Voltage , 30V 

Fon^^ard Gate Current 10mA 

Storage Temperature Range -65**C to + 1 SO^'C 

Operating Temperature Range - SS^'C to + 1 35**C 

Lead Temperature (Soldering, 10sec) +300°C 

Power Dissipation .310mW 

Derate above 25X 2.82mW/°C 



*When ordering wafer/dice refer to Section 10, page 10-1. 

ELECTRICAL CHARACTERISTICS (25*^0 unless othen^^lse noted) 



SYMBOL 


PARAMETER 






2N5638 


2N5639 


2N5640 


UNIT 


TEST CONDI iiUNd 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


bvgss 


Gate Reverse Breakdown Voltage 


Ig= -lO/LiA, VdS = 


-30 




-30 




-30 




V 


•gss 




Vgs= -15V, Vds = 




-1.0 




-1.0 




-1.0 


nA 


Gate Reverse Current |-j- ^ ioO°C 




-1.0 




-1.0 




-1.0 


iuA 


to(off) 




VdS=15V, Vgs= -12V (2N5638) 

Vgs= -8V (2N5639), Vgs = -6V (2N5640) 




1.0 




1.0 




1.0 


nA 


Drain Cutoff Current U ^ ^^qoq 




1.0 




1.0 




1.0 


mA 


'dss 


Saturation Drain Current 


Vds = 20V, Vgs = (Note 1) 


50 




25 




5.0 




mA 


VDS(on) 


Drain-Source ON Voltage 


VgS = 0, Id = 12mA (2N5638), 

Id « 6mA (2N5639). Id = 3mA (2N5640) 




0.5 




0.5 




0.5 


V 


^DS(on) 


Static Drain-Source ON Resistance 


lD=1mA, Vgs = 






30 




60 




100 


n 


'dS(on) 


Drain-Source ON Resistance 


Vgs*o, Id = 


f=1kHz 




30 




60 




100 


Ciss 


Common-Source Input 
Capacitance (Note 2) 


Vgs= -12V, VdS = 


f=1MHz 




10 




10 




10 


PF 


Crss 


Capacitance (Note 2) 




4.0 




4.0 




4.0 


td(on) 


Turn-On Delay Time (Note 2) 


Vdd = 1 0V lD(on) = 1 2mA (2N5638) 
VGS(on) = iD(on) - 6mA (2N5639) 
VGS(off)= -10V lD(on)= 3mA (2N5640) 




4.0 




6.0 




8.0 


ns 


tr 


Rise Time (Note 2) 




5.0 




8.0 




10 


tri 


Turn-OFF Delay Time (Note 2) 




5.0 




10 




15 


tf 


Fall Time (Note 2) 


RG«56n ^^ 
(Note 2) 






10 




20 




30 



NOTES: 1. 

2. 



Pulse test; PW < 300|us, duty cycle < 
For design reference only, not 100% 
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Note: Ail typical values have been guaranteed by characterization and are not tested. 



2N5638-2N5640 



Rl= -^ -(roS(on)+50) 



INPUT 
(SCOPE 



A,-Vio% y 

-4 



td(off) 



OUTPUT 
(SCOPE B) ' 



VQS(on) 

VQS(off) 
td(on) 



— r 10% \ 



Voo 

E 10VDC 0.1|tF 



4 I — O TO 50 OHM SCOPE B 



0.001,dF 



*^ 



-O TO SO OHM SCOPE A 

SCOPE 
TEKTRONIX 567A 
OR EQUIVALENT 



z 

s 

z 

01 






2-55 
Note: All typical values have been guaranteed by charactenzation and are not tested. 



I 2N5902-2N5909 

I Dual N-Channel JFET 

^ General Purpose Amplifier 

I 

» FEATURES 

M • Tight Tracking 
• Good Matching 



PIN CONFIGURATION 



TO-99 




ORDERING INFORMATION* 



TO-99 


WAFER 


DICE 


2N5902 


2N5902/W 


2N5902/D 


2N5903 


2N5903/W 


2N5903/D 


2N5904 


2N5904/W 


2N5904/D 


2N5905 


2N5905/W 


2N5905/D 


2N5906 


2N6906/W 


2N5906/D 


2N5907 


2N5907/W 


2N5907/D 


2N5908 


2N5908/W 


2N5908/D 


2N5909 


2N5909/W 


2N5909/D 




CHIP TOPOGRAPHY 



6015 



1 



J0048TYP 
0042 






GATESARE 
ISOLATED FROM 
SUBSTRATE 

r- 



.0032 
0028 

r* 018 



ABSOLUTE MAXIMUM RATINGS 

(Ta = 25*'C unless otherwise specified) 
Gate-Drain or Gate-Source 

Voltage (Note 1) -40V 

Gate Current (Note 1) 10mA 

Storage Temperature Range - 65°C to + 200°C 

Operating Temperature Range - 55°C to + 1 SO^'C 

Lead Temperature (Soldering, 10sec) +300*0 

ONE SIDE BOTH SIDES 

Power Dissipation 367mW 500mW 

Derate above 25°C 3mW/X 4mW/°C 



*When ordering wafer/dice refier to Section 10, page 10-1. 

ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 



SYMBOL 


PARAMETER 






2N5902-8 


2N5903-7 


2N5904-8 


2N5905-9 


UNIT 


TEST CONuiiiuNd 


MiN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


1 Igi-Ig2 1 


Differential Gate Current 


Vdg = 10V, 
Id = 30mA. 
Ta=125X 


2N5902-5 




2.0 




2.0 




2.0 




2.0 


nA 


2N5906-9 




0.2 




0.2 




0.2 




0.2 


Idssi 

IdSS2 


Saturation Dram Current Ratio 


Vds=10V, Vgs = 


0.95 


1 


0.95 


1 


0.95 


1 


0.95 


1 




gfsi 
gfs2 


Transconductance Ratio 


Vdg = iov, 

Id = 30/i£A 


f = 1kHz 


0.97 


1 


0.97 


1 


0.95 


1 


0.95 


1 




1 VgS1-VgS2 I 


Differential Gate-Source Voltage 






5 




5 




10 




15 


mV 


AIVssi-VgS2 I 


Gate-Source Voltage Differentia! 
Drift (Measured at end points 
Ta and Tb) 


Ta = 25°C 
Td-125»C 




5 




10 




20 




40 


fxwrc 


AT 


Ta- -55°C 
Tb = 25°C 




5 




10 




20 




40 


1 gos1-9os2 ' 


Differential Output Conductance 


f=1kHz ' 




0.2 




0.2 




0.2 




0.2 


fiS 
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2N5902-2N5909 



ELECTRICAL CHARACTERISTICS (25*'C unless otherwise noted) 












SYMBOL 


PARAMETER 


TEST CONDITIONS 


2N5902-5 


2N5906-9 


UNIT 


MIN 


MAX 


MIN 


MAX 


'gss 




Vgs= -20V, Vds = 




-5 




-2 


pA 


Gate Reverse Current U ^ 125*'C 




-10 




-5 


nA 


bvgss 


Gate-Source Breakdown Voltage 


Ig=-imA. Vds = o 


-40 




-40 




V 


VGS(off) 


Gate-Source Cutoff Voltage 


Vds=10V, lD = 1nA 


-0.6 


-4.5 


-0.6 


-4.5 


Vgs 


Gate Source Voltage 


Vdg = 10V, Id = 30/liA 




-4 




-4 


IG 






-3 




-1 


pA 


Gate Operating Current |ta = i25°C 




-3 




-1 


nA 


'DBS 


Saturation Drain Current 


Vds=10V, Vgs = o 


f=1kHz 


30 


500 


30 


500 


ma 


gfs 


Common-Source Fonward 
Transconductance 


70 


250 


70 


250 


MS 


Qos 


Common-Source Output Conductance 




5 




5 


C,ss 


Common-Source Input Capacitance 


Vds = iov. Vgs = o 

(Note 1) 


f=1MHz 




3 




3 


PF 


Crss 


Common-Source Reverse Transfer 
Capacitance 




1.5 




1.5 


gfs 


Common-Source Forward 
Transconductance 


Vdg = 10V, Id = 30/uA 


f=1kHz 


50 


150 


50 


150 


/us 


Qos 


Common-Source Output Conductance 




1 




1 


en 


Equivalent Short Circuit Input 
Noise Voltage (Note 1) 


Vds = 10V, Vgs = o 




0.2 




0.1 


mv 
VfE 


NF 


Spot Noise Figure (Note 1) 


f=100H2 
RG = 10Mi2 




3 




1 


dB 



10 

s 
s 

10 
I 
10 

z 

s 

(0 



NOTE 1: For design reference only, not 100% tested. 
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s 



0> 
10 

t 

S FEATURES 

g • Tight Tracking 
d • Low insertion Loss 
•« • Good i\/iatching 



., 2N5912 

IT5911, IT5912 

Dual N-Channel JFET 
High Frequency Amplifier 




PIN CONFIGURATION 

TO-99 TO-71 




CHIP TOPOGRAPHY 




6022 

.0037 

0027 " 0027 
fTYP 2 PLACES) 

0037 
0027 
(TYP 2 PLACES) 

-Si 0037 0037 

0027 .0037 
(TVP 2 PLACES) 

CT00251I 



ORDERING INFORMATION* 



ABSOLUTE MAXIMUM RATINGS 

(Ta = 25°C unless otherwise noted) 

Gate-Drain or Gate-Source Voltage -25V 

Gate Current 50mA 

Storage Temperature Range - 65°C to + 200°G 

Operating Temperature Range - 55**C to + 1 50''C 

Lead Temperature (Soldering, 10sec) +300°C 

TO-71 TO-99 



TO-71 


TO-99 


WAFER 


DICE 


IT591 1 


2N5911 


2N5911/W 


2N5911/D 


IT5912 


2N5912 


2N5912/W 


2N5912/D 



ONE 
SIDE 

Power 

Dissipation 200mW 

Derate above 

aS^'C 1.6mW/X 



BOTH 
SIDES 



ONE 
SIDE 



BOTH 
SIDES 



*When ordering wafer/dice refer to Section 10, page 10-1. 

ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 



400mW 367mW SOOmW 
3.2mW/''C 3.0mW/X 4.0mW/X 



SYIWIBOL 


PARAMETER 


TEST CONDITIONS 


mn 


lyiAX 


UNIT 


Iqss 




Vgs= -15V. Vds = 




-100 


pA 


Gate Reverse Current |j ^ -i5o°c 




-250 


nA 


bvgss 


Gate Reverse Breakdown Voltage 


Ig= -1mA, Vds = 


-25 




V 


VGS(off) 


Gate-Source Cutoff Voltage 


Vds=10V. lD=1nA 


-1 


-5 


Vgs 


Gate-Source Voltage 


Vdg = 10V. Id = 5mA 


-0.3 


-4 


IG 






-100 


pA 


Gate Operating Current |Ta= 125°C 




-100 


nA 


loss 


Saturation Drain Current (Pulsewidth SOOjus, 
duty cycle < 3%) 


Vds = 10V, Vgs = ov 


7 


40 


mA 


gfs 


Common-Source FonA^ard Transconductance 


Vdg = 10V, Id = 5mA 


f=1kHz 


5000 


10,000 


MS 


gfs 


Common-Source Fonward Transconductance 
(Note 1) 


f = 100MHz 


5000 


10,000 


Qos 


Common-Source Output Conductance 


f=1kHz 




100 


Qoss 


Common-Source Output Conductance (Note 1) 


f = 100MHz 




150 


C,ss 


Common-Source Input Capacitance (Note 1) 


f=1MHz 




5 


pF 


Crss 


Common-Source Reverse Transfer Capacitance 
(Note 1) 




1.2 


in 


Equivalent Short Circuit Input Noise Voltage 
(Note 1) 


f- 10kHz 




20 


nV 

VHz 


NF 


Spot Noise Figure (Note 1) 


f= 10kHz 
RG = 100kn, 




1 


dB 
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Note: All typical values have been guaranteed by characterizatton and are not tested. 



2N5911, 2N5912 IT5911, IT5912 

ELECTRrCAL CHARACTERISTICS (CONT.) 



SYMBOL 


PARAMETER 






IT, 2N5911 


IT, 2N5912 


UNIT 


TEST GONDII lUNS 


MIN 


MAX 


MIN 


MAX 


IIG1-IG2I 


Differential Gate Current 


Vdg " 10V, Id » 5mA 


125*C 




20 




20 


nA 


Idssi 

IDSS2 


Saturation Drain Current Ratio 


VDS-10V, Vgs'O 


0.95 


.1 


0.95 


1 




IVGSI-VGS2I 


Differential Gate-Source Voltage 


Vdg- 10V. Id "5mA 






10 




15 


mV 


aIvgsi-Vgs2I 

AT 


Gate-Source Voltage Differential 

Drift (Measured at end points. 
Ta and Tb) 


Ta-25«C 
Tb « 125X 




20 




40 


/uV/°C 


Ta=-55X 
Tb = 25»C 




20 




40 


9fs2 


Transconductance Ratio 


f»1kHz 


0.95 


1 


0.95 


1 





NOTE 1: For design reference only, not 100% tested. 



Z 



z 
(II 

(0 



3 



(II 
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^IIG483-2N6485 

Dual N-Channel JFET 



I 

7 Low Noise Amplifier 

«0 




FEATURES 

• Ultra Low Noise 

• High CMRR 

• Low Offset 

• Tight Traclcing 



PIN CONFIGURATION 



TO-71 




CHIP TOPOGRAPHY 



6019 




0035 y 0080 

S, 0025 0070 

TYP 2 PLACES 



0037 ^ 0037 
0027 0027 

TYP 2 PLACES 



Da 

0035 0035 

0025 0025 



ORDERING INFORMATION* 



TO-71 


WAFER 


DICE 


2N6483 


2N6483/W 


2N6483/D 


2N6484 


2N6484/W 


2N6484/D 


2N6485 


2N6485/W 


2N6485/D 



ABSOLUTE MAXIMUM RATINGS 

(Ta = 25*'C unless otherwise noted) 

Gate-Source or Gate-Drain Voltage (Note 1 ) - 50V 

Gate-Gate Voltage ±50V 

Gate Current (Note 1) 50mA 

Storage Temperature Range - 65°C to + 200°G 

Operating Temperature Range - 55°C to + 1 75**C 

Lead Temperature (Soldering, 10sec) +300°C 

ONE SIDE BOTH SIDES 

Power Dissipation 250mW 

Derate above 25X 1.7mWrC 



400mW 
2.7mW/°C 



*When ordering wafer/dice refer to Section 10, page 10-1. 

ELECTRICAL CHARACTERISTICS (25X unless othen/vise noted) 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN 


MAX 


UNIT 


Igss 




Vgs = -30V, Vds = 




-200 


pA 


Gate Reverse Current |j =15000 




-200 


nA 


bvgss 


Gate-Source Breakdown Voltage 


lG= -ImA. Vds = 


-50 




V 


Vp 


Gate-Source Pinch Off Voltage 


Vds = 20V. lD = inA 


-0.7 


-4.0 


loss 


Drain Current at Zero Gate Voltage (Note 2) 


Vds = 20V. Vgs = o 


0.5 


7.5 


mA 


gts 


Common-Source Fpnward Transconductance (Note 2) 


Vds = 20V, Vgs = 0, f=1kHz 
(Note 6) 


1000 


4000 


MS 


Ooss 


Common-Source Output Conductance 






C,ss 


Common-Source Input Capacitance 


Vds = 20V, Vgs = 0, f=1MHz 
(Note 6) 




20 


PF 


Crss 


Common-Source Reverse Transfer Capacitance 




3.5 


IG 




Vgd = 20V, Id = 200jLiA (Note 6) 




100 


pA 


Gate Current |ta=,150»C 




100 


nA 


Vgs 


Gate Source Voltage 


Vdg = 20V, Id = 200mA 


0.2 


3.8 


V 


gts 


Common-Source Fonward Transconductance 


Vdg = 20V, Id = 200mA, f = 1kHz 


500 


1500 


MS 


Qos 


Common-Source Output Conductance 


Vdg = 20V, Id = 200mA 




1 


in 


Equivalent Input Noise Voltage (Note 6) 


Vns = 20V. Id = 200mA, f = 10Hz 




10 


nV/VHi 


Vds = 20V, Id = 200mA, f = IkHz 


5 



NOTES: 1. Per transistor. 

2. Pulse test required; pulse width = 2ms. 
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Note: All typical values have been guaranteed by characterization and are not tested. 



2N6483-2N6485 

MATCHING CHARACTERISTICS (@ 25°C unless otherwise noted) 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


2N6483 


2N6484 


2N6485 


UNIT 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


Idssi 

IdSS2 


Drain Current Ratio at Zero 
Gate Voltage 


Vds = 20V, Vgs = 
(Note 4) 


0.95 


1 


0.95 


1 


0.95 


1 




1 lG1 - lG2 1 


Differential Gate Current 


Vdg = 20V, Id = 200M 
Ta= +125°C 




10 




10 




10'' 


nA 


gfsi 

ggs2 


Transconductance Ratio 


Vdg=20V, lD = 200iuA, 
f = 1kHz (Note 4) 


0.97 


1 


0.97 


1 


0.95 


1 




1 9os1 - gos2 1 


Differential Output 
Conductance (Note 6) 


Vdg = 20 V, Id = 200AiA, 
f=1kHz 




0.1 




0.1 




0.1 


MS 


1 Vgsi - VgS2 I 


Differential Gate-Source 
Voltage 


Vdg = 20V, Id = 200/xA 




5 




10 




15 


mV 


Al Vgsi - Vgs2 ' 

AT 


Gate-Source Voltage 
Differential Drift 


Vdg = 20V, Id = 200mA 

Ta=-55°C to +125X 




5 




10 




25 


/uV/»C 


CMRR 


Common Mode Rejection 
Ratio (Note 6) 


Vdd = 10 to 20V, 
Id = 200/uA (Note 5) 


100 




100 




90 




dB 



NOTES: 3. These ratings are limiting values above which the serviceability of any individual semiconductor device may be impaired. 

4. Pulse duration of 2ms used during test. 

5. CMRR = 20LogioAVDD/Al Vgsi-VgS21 (AVdd=10V), not included in JEDEC registration. 

6. For design reference only, not 100% tested. 

TYPICAL PERFORMANCE CHARACTERISTICS 



M 
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I 

10 

z 

Jib 

09 
(II 



en vs. FREQUENCY 



en vs. FREQUENCY 
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GATE CURRENT vs. Vqg 
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TYPICAL CAPACITANCE vs. Vqs 
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Note: All typical values have been guaranteed by characterization and are not tested. 



_ Dual N-Channel JFET 
1 Low Noise Amplifier 




GENERAL DESCRIPTION 

This N-Channel, Junction FET is characterized for ultra 
low noise applications requiring tightly controlled and speci- 
fied noise parameters at 10Hz and 1000Hz. Tight matching 
specifications make this device ideal as the input stage for 
low frequency difterential instrumentation amplifiers. 



PIN CONFIGURATION 



TO-71 







ORDERING INFORMATION* 



TO-71 


WAFER 


DJCE 


IMF6485 


IMF6485/W 


IMF6485/D 



*When ordering wafer/dice refer to Section 10, page 10-1. 



FEATURES 

• Ultra Low Noise 

• High CMRR 

• Low Offset 

• Tight Tracking 



CHIP TOPOGRAPHY 



-f.. 


V-- — i. 


- !>! ooa« 

TVP J 

-G, OOjr 

TVP 3 
■" n. OOIS 


* 00^0 




j« w 








PLACES 






♦ 





VP J PlaCCS 
CT00260I 



ABSOLUTE MAXIMUM RATINGS 

(Ta - 25°C unless otherwise noted) 

Gate-Source or Gate-Drain Voltage (Note 1) -50V 

Gate-Gate Voltage ±50V 

Gate Current (Note 1) 50mA 

Storage Temperature Raiige - 65°C to + 200°C 

Operating Temperature Fiange - 55°C to + 1 75°C 

Lead Temperature (Soldering, 10sec) +300X 

ONE SIDE BOTH SIDES 



Power Dissipation 250mW 

Derate above ,25°C Umwrc 



400mW 
2.7mW/°C 



ELECTRICAL CHARACTERISTICS (25X unless othen^^ise noted) 








SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN 


MAX 


UNIT 


Iqss 




Vgs- -30V. Vds = o 




-200 


pA 


Gate Reverse Current u =15000 




-200 


nA 


bvgss 


Gate-Source Breakdown Voltage 


|Q=_1piA, Vds = o 


-50 




V 


Vp 


Gate-Source Pinch-Off Voltage 


Vds = 20V, lD=1nA 


-0.7 


-7 4.0 


loss 


Drain Current at Zero Gate Voltage (Note 2) 


Vds = 20V, Vqs = 


0.5 


7.5 


mA 


gfs 


Common-Source Forward Transconductance 
(Note 2. 3) 


Vds = 20V, Vqs = 0. f = 1KHz 


1000 


4000 


MS 


Qoss 


Common-Source Output Conductance 


Vds = 20V, Vqs = 0, f = 1 kHz 




10 


C,ss 


Common-Source Input Capaicitance (Note 4) 


Vds = 20V, Vqs-O, f=1MHz 




20 


PF 


Crss 


(Note 4) 




3.5 


»G 




Vgd = 20V, Id = 200mA 




-100 


pA 


Gate Current |ta = 150X 




-100 


nA 


Vgs 


Gate-Source Voltage 


Vdg = 20V, Id = 200mA 


0,2 


-3.8 


V 


gfs 


Common-Source Forward Transconc^uctance 


Vdg = 20V, Id = 200mA. f = 1kHz 


500 


1500 


us 


gos 


Common Source Output Conductance 


Vdg = 20V, Id = 200mA 




1 


in 


Equivalent Input Noise Vdltage (Note 4) 


Vds = 20V, Id = 200juA, f = iohz 




15 


nV/VFE 


Vds = 20V, Id = 200mA, f = 1kHz 




10 



NOTES: 1. Per transistor, 

2. Pulsei test required; pulse width = 2ms. 

3. For design reference only, not 100% tested. 
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Note: All typical values have been guaranteed by characterization and are not tested. 



IMF6485 

MATCHING CHARACTERISTICS 



SS'C unless otherwise noted) 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN 


MAX 


UNIT 


!dSS1 
IdSS2 


Dram Current Ratio at Zero Gate Voltage 


Vds = 20V, Vgs = (Note 2) 


0.95 


1 




I Igi - lG2 1 


Differential Gate Current 


Vdg = 20V, Id = 200/iA 
Ta= +125^ 




10 


nA 


gfsi 

ggs2 


Transconductance Ratio 


Vdg = 20V, io = 200/uA. 
f-=1kHz (Note 2) 


0.95 


1 


' 


1 g6si - gos2 1 


Differential Output Conductance (Note 4) 


Vdg = 20V, Id = 200iuA, 

f = 1kHz 




0.1 


Axs 


1 Vgsi - VgS2 I 


Differential Gate-Source Voltage 


Vdg = 20V, Id = 200/uA 




25 


mV 


aIVgsi - VGS2I 
AT 


Gate-Source Voltage Differential Drift 


VcG = 20V, Id = 200mA 
Ta=-55''C to +125»C 




40 


fj.yrc 


CMRR 


Common Mode Rejection Ratio (Note 3, 4) 


Vdd=10 to 20V, 
Id = 200juA 


90 




dB 



n 

00 
PI 



NOTES: 1. These ratings are limiting values above which the serviceability of any individual semiconductor device may be impaired. 
2. Pulse duration of 2ms used dunng test. 
3 CMRR = 20LogioAVDD /Al Vgsi - VgS2 I - (AVdd=10V ) 
4. For design reference only, not 100% tested. 

TYPICAL PERFORMANCE CHARACTERISTICS 
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GATE CURRENT vs. Vdg 



frequency (Hi) 

OP00160I 



TYPICAL CAPACITANCE vs. Vps 
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$ aNi6i 

^ Diode Protected P-Channel 
Enhancement Mode MOSFET 
General Purpose Amplifier/Switch 



FEATURES 

• Channel Cut Off With Zero Gate Voltage 

• Square-Law Transfer Characteristic Reduces 
Distortion 

• Independent Substrate Connection Provides 
Flexibility in Biasing 

• Internally Connected Diode Protects Gate From 
Damage Due to Overvoltage 




PIN CONFIGURATION 

TO-72 




CHIP TOPOGRAPHY 


1507Z 






S G B 

i I i 










27 MIL 


Mm 








graurani 






1 
D 




CT00272I 



ORDERING INFORMATION* 



TO-72 


WAFER 


DICE 


3N161 


3N161/W 


3N161/D 



ABSOLUTE MAXIMUM RATINGS 

(Ta = 25°C unless Otherwise not6d) 

Drain-Source or Drain-Gate Voltage 40V 

Drain Current 50mA 

Gate Forward Current 10mA 

Gate Reverse Current 1mA 

Storage Temperature -65°C to +200°C 

Operating Temperature - 55°C to + 1 50°C 

Lead Temperature (Soldering, 10sec) +300°C 

Power Dissipation 375mW 

Derate above 25°C 3.0mW/°C 



•When ordering wafer/dice refer to Section 10, page 10-1. 

ELECTRICAL CHARACTERISTICS (@ 25°C and Vbs = O unless othenA^ise noted) 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


Igssf 


Fonyard Gate-Terminal Current 


Vgs= -25V, Vds = 




-100 




pA 


|Ta= +100°C 






-1 


nA 


BVgss 


Forward Gate-Source Break- 
down Voltage 


Ig= -0.1mA, Vds-0 


-25 






V 


loss 


Zero-Gate-Voltage Drain Current 


Vds= -15V, Vgs = 






-10 


nA 


Vds= -25V, Vgs = 






-10 


ma 


VGS(th) 


Gate-Source Threshold Voltage 


Vds= -■'5V, Id= -lOjuA 


-1.5 




-5 


V 


Vgs 


Gate-Source Voltage 


Vds= -15V, Id= -8mA 


-4.5. 




-8 


iD(on) 


On-State Drain Current 


Vds= -15V, Vgs= -15V 


-40 




-120 


mA 


lytsl 


Small-Signal Common-Source 
Fonward Transfer Admittance 


Vds- -15V, Id= -8mA 


f=1kHz 


3500 




6500 


MS 


lyosl 


Small-Signal Common-Source 
Output Admittance 






250 


C,ss 


Common-Source Short-Circuit 
input Capacitance (Note 1) 


f=1MHz 






10 


pF 


Crss 


Cpmmon-Source Short Circuit 
Reverse Transfer Capacitance (Note 1) 






4 



NOTE 1: For design reference only, not 100% tested. 



2-^4 
Note: All typical values have been guaranteed by charactenzation and are not tested. 



3N163, 3N164 

P-Channel Enhancement Mode 
MOSFET General Purpose Amplifier 
Switch 




FEATURES 

• Very High Input Impedance 

• High Gate Breakdown 

• Fast Switching 

• Low Capacitance 



PIN CONFIGURATION 



TO-72 




CHIP TOPOGRAPHY 

1503 



0025 
0035 



0030 ■■ 0029 s 
0040 0039 




NOTE. SUBSTRATE 
IS BODY 



P .0025 w 00^ 
^ .0035 0039 



0028 
0038 



ORDERING INFORMATION* 



TO-72 


WAFER 


DICE 


3N163 


3N163/W 


3N163/D 


3N164 


3N164/W 


3N164/D 



•When ordering wafer/dice refer to Section 10, page 10-1. 



ABSOLUTE MAXIMUM RATINGS (Note 1) 
(Ta = 25°C unless otherwise noted) 
Drain-Source or Drain-Gate Voltage 

3N163 -40V 

3N164 -30V 

Static Gate-Source Voltage 

3N163 .....±40V 

3N164..... .....±30V 

Transient Gate-Source Voltage (Note 2) ±125V 

Drain Current 50mA 

Storage Temperature -65°C to +200°C 

Operating Temperature - SS^'C to + 1 50°C 

Lead Temperature (Soldering, lOsec) +300°C 

Power Dissipation 375mW 

Derate above +25°C 3.0mW/°C 

NOTES: 

1. See handling precautions on 3N170 data sheet. 

2. Devices must not be tested at ±125V more than 
once, nor for longer than 300ms. 



ELECTRICAL CHARACTERISTICS (@ 25°C and Vbs = O unless noted) 



SYMBOL 


PARAI\iETER 


TEST CONDITIONS 


3N163 


3N164 


UNIT 


Mm 


MAX 


MIN 


MAX 


Igssr 


Gate Reverse Leal<age Current 


Vgs= -40V (3N163) 
Vgs = -30V (3N164) 




10 




10 


pA 


'gssf 


daifi Fnrwt^rri Hfirrpnt 




-10 




-10 


1 Ta=+125°C 




-25 




-25 


bvdss 


Dram-Source Breakdown Voltage 


lD=-10jLiA, Vgs = 


-40 




-30 




V 


BVsDS 


Source-Dram Breal<down Voltage 


Is=-10mA. Vgd = 0. Vds = 


-40 




-30 




VGS(th) 


Threshold Voltage 


Vds = Vgs. Id=-iomA 


-2.0 


-5.0 


-2.0 


-5.0 


VGS{th) 


Threshold Voltage 


Vds=-15V, Id=-10mA 


-2.0 


-5.0 


-2.0 


-5.0 


Vgs 


Gate Source Voltage 


Vds=-15V, Id = -0.5mA 


-3.0 


-6.5 


-3.0 


-6.5 


loss 


Zero Gate Voltage Drain Current 


Vds=-15V, yGs = o 




200 




400 


pA 


ISDS 


Source Drain Current 


VsD=15V, Vgs = Vdb = 




400 




800 


rDS(on) 


Drain-Source on Resistance 


Vgs = -20V. Id=-ioomA 




250 




300 


ohms 


iD(on) 


On Drain Current 


Vds=-15V, Vgs = -10V 


-5.0 


-30.0 


-3.0 


-30.0 


mA 


gfs 


Fonward Transconductance 


Vds=-15V, Id = -10mA, f= 1kHz 


2000 


4000 


1000 


4000 


jUS 


Qos 


Output Admittance 




250 




250 



S 

z 

1^ 



2-65 
Note: All typical values have been guaranteed by charactenzation and are not tested. 



I 3Nie3, 3N164 



» ELECTRICAL CHARACTERISTICS (CONT.) 






C9 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


3N163 


3N164 


UNIT 


MIN 


MAX 


MIN 


MAX 


C,ss 


Input Capacitance— Output Shorted 


Vds=-15V. lD=-10mA. f = 1MHz 
(Note 1) 




2.5 




2.5 


PF 


Crss 


Reverse Transfer Capacitance 




0.7 




0.7 


Coss 


Output Capacitance Input Shorted 




3.0 




3.0 



NOTE 1: For design reference only, not 100% tested. 



SWITCHING CHARACTERISTICS (@ 25«c and Vbs = o) 












SYMBOL 


PARAMETER 


TEST CONDITIONS 


3N163 


3N164 


UNIT 


MIN 


MAX 


MIN 


MAX 


ton 


Turn-On Delay Time 


Vdd=-15V 
lD(on)=-10mA (Note 1) 
RG = RL=1.4kfl 




12 




12 


ns 


tr 


Rise Time 




24 




24 


toff 


Turn-Off Time 




50 




50 



SWITCHING TIME CIRCUIT 
Vdd 



Ri 



SWITCHING WAVEFORM 



R2 



-OVoUT 



ton-*' 



10% 



10% 



/ 



-■H*r 



1-^ 



500 



90% 
10% 



- 10% 



2-66 
Note: All typical values have been guaranteed by characterization and are not tested. 



3N165, 3N166 

Dual P-Channel 
Enhancement Mode MOSFET 
General Purpose Amplifier 



FEATURES 

• Very High Impedance 

• High Gate Brealcdown 

• Low Capacitance 



PIN CONFIGURATION 


rf 


TO-99 


^ 1 

G. 


G, 0. 

PC00171I 



DEVICE SCHEMATIC 

1 7 

.J L. 



ORDERING INFORMATION* 



TO-99 


WAFER 


DICE 


3N165 


3N165/W 


3N165/D 


3N166 


3N166/W 


3N166/D 




CHIP TOPOGRAPHY 



2606 



0025 
0035 
TYP 

i__ 
T~ 

GATE 2 -^ 
GATE 1 -^ 



H p-.003S 




NOTE. SUBSTRATE 
IS BODY 



S/D2 
S/D2 
S/D1 



ABSOLUTE MAXIMUM RATINGS (Note 1) 
(Ta = 25°C unless otherwise specified) 
Drain-Source or Drain-Gate Voltage (Note 2) 

3N165 40V 

3N166 30V 

Transient Gate-Source Voltage (Note 3) ±125 

Gate-Gate Voltage ±80V 

Drain Current (Note 2) 50mA 

Storage Temperature -65X to +200X 

Operating Temperature -55X to +150X 

Lead Temperature (Soldering, 10sec) +300X 

Power Dissipation 

One Side 300mW 

Both Sides 525mW 

Total Derating above 25^C.... 4.2mW/X 



*When ordering wafer/dice refer to Sectiort 10, page 10-1. 

ELECTRICAL CHARACTERISTICS (@ 25°C and Vbs = O unless noted) 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


LIMITS 


UNIT 


MIN 


MAX 


Igssr 


Gate Reverse Leakage Current 


Vgs = 40V 




10 


pA 


Igssf 


Gate Forward Leakage Current 


Vgs = -40V 




-10 




1 Ta=+125<'C 




-25 


loss 


Dram to Source Leakage Current 


Vds=-20V 




-200 


ISDS 


Source to Dram Leakage Current 


VsD=-20, Vdb = 




-400 


iD(on) 


On Drain Current 


Vds= -15V. Vgs = -10V 


-5 


-30 


mA 


VGS(th) . 


Gate Source Threshold Voltage 


Vds=-15V, lD=-10iLiA 


-2 


-5 


V 


VGS(th) 


Gate Source Threshold Voltage 


Vds = Vgs. Id=-iomA 


-2 


-5 


rDS(on) 


Drain Source ON Resistance 


Vgs = -20V, lD=-100iuA 




300 


ohms 


gfs 


Forward Transconductance 


Vds=-15V, Id = -10mA, f = 1kHz 

.... 


1500 


3000 


MS 


Qos 


Output Admittance 




300 



G> 



0> 

z 
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Note: All typical values have been guaranteed by characterization and are not tested. 



z 
n 

S 

z 

CO 



aN165, 3N166 

ELeCTRICAL CH/^RACTERISTICS (CONT.) 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


LIMITS 


UNIT 


MIN 


MAX 


C,ss 


Input Capacitance . . 


Vds=-15V, Id- -10mA. f = 1MHz 
(Note 4) 




3.0 


PF 


Crss 


Reverse Transfer Cetpacitance 




0.7 


Cqss 


Output Capacitance 




3.0 


RE(Yfs) 


Common Source Forward Transconductance 


Vds = -15V, Id = -10mA, f = 100MHz (Note 4) 


1200 




US 



MATCHING CHARACTERISTICS 3N165 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


LIMITS 


UNIT 


MIN 


MAX 


Yfsl/Yfs2 


Fonward Transconductance Ratio 


Vds == -15V, Id = -1500mA, f = 1kHz 


0.90 


1.0 




VgsI-2 


Gate Source Threshold Voltage Differential 


Vbs=-15V, Id=-500mA 




100 


mV 


AVgsI-2 
AT 


Gate Source Threshold Voltage Differential 
Change with Tempersiture 


Vds = -15V, Ia=-500mA 

Ta=-55°C to = +25°C 




100 


ns/rc 



NOTES 



1. See handling precautions on 3N170 data sheet. 

2. Per transistor. 

3. Devices must not be tested at ±125V more than once, nor for longer than 300ms. 

4. For design reference only, not 100% tested. 
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Note: All typical values have been guaranteed by characterization and are not tested. 



3N170, 3N171 

N-Channel Erihancement 
Mode MOSFET Switch 




:^ 



Q 



SI 
p 



FEATURES 

• Low Switching Voltages 

• Fast Switching Times 

• Low Drain-Source Resistance 

• Low Reverse Transfer Capacitance 



ORDERING INFOR 


MATION* 


TO-72 


WAFER 


DICE 


3N170 


3N170/W 


3N170/D 


3N171 


3N171/W 


3N171/D 



*When ordering wafer/dice refer to Section 10, page 10-1. 



HANDLING PRECAUTIONS 

MOS field-effect transistors have extremely high input 
resistance and can be damaged by the accumulation of 
excess staitic charge. To avoid possible damage to the 
device while wiring, testing, or in actual operation, follow the 
procedures outlined below. 

1 . To avoid the build-up of static charge, the leads of 
the devices should remain shorted together with a 
metal ring except when being tested or used. 

2. Avoid unnecessary handling. Pick up devices by the 
case instead of the leads. 

3. Do not insert or remove devices from circuits with 
the power on as transient voltages may cause 
permanent damage to the devices. 




CHIP TOPOGRAPHY 



1003 



0025 .0029 

0035 0039 H 024 




0025 ^ .0029 
.0036 0039 



OO-so 0090 o-^' V_D 0030 0028 

S- ^ -^1 ^ ^^'^^ SUBSTRATE " 0040 '^ 0038 
0040 0039 IS BODY 



ABSOLUTE MAXIMUM RATINGS 

(Ta = 25°C unless otherwise noted) 

Drain-Gate Voltage ±35V 

Drain-Source Voltage 25V 

Gate-Source Voltage ±35V 

Drain Current 30mA 

Storage Temperature Range - 65°C ^to + 200°C 

Operating Temperature Range -55**C to +150**C 

Lead Temperature (Soldering, 10sec) +300°C 

Power Dissipation 300mW 

Derate above 25°C 2.4mW/°C 



ELECTRICAL CHARACTERISTICS (25°C unless othenA^lse noted) Substrate connected to source. 



SYMBOL 






TEST CONDITIONS 


LIMITS 


UNIT 


PARAMb 1 CM 


MIN 


MAX 


bvdss 


Dram-Source Breakdown Voltage 


Id = 10mA, Vgs = 


25 




V 


Igss 


Gate Leakage Current 




Vgs=-35V. Vds = 




10 


pA 


Ta = 125X 




100 


'dss 


Zero-Gate-Voltage Drain Current 


Vds=10V. Vgs==o 




10 


nA 




Ta = 125X 




1.0 


mA 


VGS(th) 


Gate-Source 
Threshold Voltage 


3N170 


Vds=10V, Id=10/iA 


1.0 


2.0 


V 


3N171 


1.5 


3.0 


iD(on) 


"ON" Dram Current 


Vgs=10V, Vds=10V 


10 




mA 


VDS(on) 


Dram-Source "ON" Voltage 


Id = 10mA, Vgs=10V 




2.0 


V 


•■dsCon) 


Dram-Source ON Resistance 


Vgs=10V, Id = 0. f= 1.0kHz 




200 


n 


lYfsi 


Forward Transfer Admittance 


Vds = 10V, Id = 2.0mA, 
f = 1.0kHz 


1000 




jUS 
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Note: All typical values have been guaranteed by characterization and are not tested. 



I 3N170, 3N171 



" ELECTRICAL CHARACTERISTICS (CONT.) 
O 



o 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


LIMITS 


UNIT 


MIN 


MAX 


Crss 


Reverse Transfer Capacitance (Note 1) 


■Vds = 0, Vgs = 0, f= 1.0MHz 




1.3 


PF 


C,ss 


Input Capacitance (Note 1) 


Vds = 10V, Vgs = 0, f = 1.0MHz 




5.0 


Cd(sub) 


Drain-Substrate Capacitance (Note 1) 


Vd(SUB) = 10V, f = 1.0MHz 




5.0 


td(on) 


Turn-On Delay Time (Note 1) 


Vdd=10V. lD(on)»10mA. 
VGS(on) = 10V, VGS(off) = 0, 
Rg = 50^2 




3.0 


ns 


tr 


Rise Time (Note 1) 




10 


td(off) 


Turn^Off Delay Time (Note 1) 




3.0 


tf 


Fall Time (Note 1) 




15 



NOTE 1: For design reference only, not 100% tested. 



2-70 
Note: All typical values have been guaranteed by characterization and are not tested. 



3N172, 3N173 

Diode Protected P-Channel 
Enhancement Mode MOSFET 
General Purpose Amplifier/Switch 




:^ 



FEATURES 

• High Input Impedance 

• Diode Protected Gate 



PIN CONFIGURATION 



TO-72 




CHIP TOP 

0025 X 0029 
0035 0039 


•OGRAPHY 

1503Z 


P .0025 „ 0029 
"^ 0035 0039 

.0030 0028 
0040 0038 

CT00311I 




016 

1 


■tar*. 


■i^S'b 


0030 ,. .0029 s-/ \-p 
0040 0039 NOTE SUBSTRATE 
IS BODY 



DEVICE SCHEMATIC 



4 



ABSOLUTE MAXIMUM RATINGS 

(Ta = 25°C unless otherwise noted) 
Drain-Source or Drain-Gate Voltage 

3N172 40V 

3N173 30V 

Drain Current 50mA 

Gate FoHA^ard Current lOjuA 

Gate Reverse Current 1mA 

Storage Temperature -65*'C to + 200°C 

Operating Temperature -55°C to + 1 50**C 

Lead Temperature (Soldering, 10sec) +300°C 

Power Dissipation 375mW 

Derate above 25*'C 3.0mW/°C 



ORDERING INFORMATION' 



TO-72 


WAFER 


DICE 


3N172 


3N172/W 


3N172/D 


3N173 


3N173/W 


3N173/D 



*When ordering wafer/dice refer to Section 10, page 10-1. 

ELECTRICAL CHARACTERISTICS (@ 25°C and Vbs = O unless noted) 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


3N172 


3N173 


UNIT 


MIN 


MAX 


MIN 


MAX 


IGSS 


(^fltA Ravafsa niirrent 


Vgs = -20 V 




-200 




-500 


pA 


1 Ta=+125«>C 




-0.5 




-1.0 


M 


bvgss 


Gate Breakdown Voltage 


Id=-iom 


-40 


-125 


-30 


-125 


V 


bvdss 


Drain-Source Breakdown Voltage 


Id=-10/xA 


-40 




-30 




BVsDS 


Source-Drain Breakdown Voltage 


IS=-10/uA. Vdb = 


-40 




-30 




VGS(th) 


Threshold Voltage 


VdS = Vgs. lD=-10/ttA 


-2.0 


-5.0 


-2.0 


-5.0 


Vds=-15V, lD=-10iuA 


-2.0 


-5.0 


-2.0 


-5.0 


Vgs 


Gate Source Voltage 


Vds=-15V, lD=-500juA 


-3.0 


-6.5 


-2.5 


-6.5 


loss 


Zero Gate Voltage Drain Current 


Vds=-15V, Vgs = 




-0.4 




-10 


nA 


«SDS 


Zero Gate Voltage Source Current 


VsD = -15V. VdB = 0, Vgd = 




-0.4 




-10 


rDS(on) 


Drain Source On Resistance 


Vgs = -20V. Id=-ioomA 




250 




350 


ohms 


iD(on) 


On Drain Current 


Vds=-15V. Vgs = -10V 


-5.0 


-30 


-5.0 


-30 


mA 







JO 



•4 



2-71 
Note: All typical values have been guaranteed by characterization and are not tested. 



§ 3N188#3N19I 

^ Dual P^Chahnel 

Enhancement Mode MOSFET 



S 

I General Purpose Amplifier 

FEATURES 

• Very High Input Impedance 

• High Gate Breakdown 3N190-3N191 

• Zener Protected Gate 3N188-3N189 

• Low Capacitance 



PIN CONFIGURATION 



TO-99 




ORDERING INFOR 


MATION* 


TO-99 


WAFER 


DICE 


3N188 


__ 


__ 


3N189 


— 


— 


3N190 


3N190/W 


3N190/D 


3N191 


3N191/W 


3N191/D 




CHIP TOPOGRAPHY 



0025 
0035 
TYP 

GATE 2 — ^ 
GATE 1 -/ 



*l l-lvv« TYP 



2506 



- 027- 
0025 . 






NOTE SUBSTRATE 
IS BODY 



S/D2 
S/D2 
S/D1 



3N190, 3N191 ONLY 



*Wh©n ordering wafer/dice refer to Section 10, page 10-1. 

ELECTRICAL CHARACTERISTICS (25°C and Vbs = O unless otherwise noted) 



ABSOLUTE MAXIMUM RATINGS 

(Ta = 25°C unless othen^^ise noted) 

Drain-Source or Drain-Gate Voltage (Note 1) 

3N18B, 3N1B9 40V 

3N190, 3N191 30V 

Transient Gate-Source Voltage (Notes 1 and 2).. ± 125V 

Gate-Gate Voltage ±80V 

Drain Current (Note 1) 50mA 

Storage Temperature -65°C to +200°C 

Operating Temperature -55°C to + 1 50°C 

Lead Temperature (Soldering, 10sec) +300°C 

Power Dissipation 

One Side 300mW 

Both Sides 525mW 

Total Derating above 25**C 4.2mW/°C 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


3N188 
3N189 


3N190 
3N191 


UNIT 


MIN 


MAX 


MIN 


MAX 


Igssr 


Gate Reverse Current 


Vgs = 40V 








10 


pA 


Igssf 


fiate Forward niirrent 


Vgs = -40V 




-200 




-10 


1 Ta = 125X 




-200 




-25 


bvdss 


Drain-Source Breakdown Voltage 


lD=-10iLtA 


-40 




-40 




V 


BVsDS 


Source-Drain Breakdown Voltage 


Is=-10mA, Vbd = 


-40 




-40 




VGS(th) 


Threshold Voltage 


Vds=-15V, Id=-10mA 


-2.0 


-5.6 


-2.0 


-5.0 


Vds = Vgs. Id=-10mA 


-2.0 


-5.0 


-2.0 


-5.0 


Vgs 


Gats Source Voltage 


Vds=-15V, Id=-500mA 


-3.0 


-6.5 


-3.0 


-6.5 


•dss 


Zero Gate Voltage Dram Current 


Vds=-15V 




-200 




-200 


pA 


ISDS 


Source Drain Current 


VsD=-15V, Vdb = 




-400 




-400 


rDS(on) 


Drain-Source on Resistance 


Vds=-20V, Id=-100mA 




300 




300 


ohms 


lD(on) 


On Drain Current 


Vds=-15V, Vgs = -10V 


-5.0 


-30.0 


-5.0 


-30.0 


mA 



2-72 
Note: All typical values have been guaranteed by characterization and are not tested. 



3N188-3N191 

ELECTRICAL CHARACTERISTICS (CONT.) 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


3N188 
3N189 


3N190 
3N191 


UNIT 




MIN 


MAX 


MIN 


MAX 


gts 


Forward Transconductance (Note 3) 


Vds=-15V. Id = -10mA 


f«1kHz 


1500 


4000 


1500 


4000 


, MS 


Yos 


Output Admittance 




300 




300 


C,ss 


Input Capacitance Output Shorted (Note 5) 


f=1MHz 




4.5 




4.5 


PF 


Crss 


Reverse Transfer Capacitance (Note 5) 




1.5 




1.0 


Cqss 


Output Capacitance Input Shorted (Note 5) 




3.0 




3.0 



z 

■4 

00 

? 



SWITCHING CHARACTERISTICS (@ 25°C and Vbs = O unless noted) 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


LIMITS 


UNIT 


MIN 


MAX 


td(on) 


Turn On Delay Time 


Vdd=-15V, Id = -10mA 
RG = RL'=1-4kfi (Note 5) 




15 


ns 


tr 


Rise Time 




30 


toff 


Turn Off Time 




50 



MATCHING CHARACTERISTICS (@ 25°C and Vbs = unless noted) 3N188 and 3N190 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


LIMITS 


UNIT 


MIN 


MAX 


Yfsl/Yfs2 


Fonvard Transconductance Ratio 


Vds= -15V, Id= -500mA, f=1kHz 


0.85 


1.0 




VgSI-2 


Gate Source Threshold Voltage Differential 


Vds=-15V, lD=-500itiA 




100 


mV 


AVGS1-2 
AT 


Gate Source Threshold Voltage Differential 
Change with Temperature (Note 4) 


Vds=-15V, Id=-500mA, 
T=-55°C to +25°C 




100 


nwrc 


AVGS1-2 
AT 


Gate Source Threshold Voltage Differential 
Change with Temperature (Note 4) 


Vds=-15V, lD=-500iuA 
T= +25°C to +125°C 




100 


juV/X 




NOTES: 1. Per transistor. 

2. Approximately doubles for every 10°C increase in Ta- 

3. Pulse test duration = SOOjus; duty cycle < 3%. 

4. Measured at end points, Ta and Tb- 

5. For design reference only, not 100% tested. 



2-73 
Note: All typical values have been guaranteed by charactenzation and are not tested. 



.,111101 

Dual Low Leakage Diode 




GENERAL DESCRIPTION 

The ID100 and ID101 are monolithic dual diodes intend- 
ed for use in applicatibns requiring extremely low leakage 
currents. Applications include interstage coupling with re- 
verse isolation, signal clipping and clamping and protection 
of ultra low leakage FET differential dual and operational 
amplifiers. 



FEATURES 

• )r = 0.1pA (Typical) 

• BVr>30V 

• Crss = 0-75pF (Typical) 



PIN CONFIGURATIONS 



TO-71 
TO-78 




iL A 



26 60 

PCOO'2111. 



CHIP TOPOGRAPHY 



4000 



P 



CATHODE #1 
■ CATHODE #2 
TYP 2 PLACES 
ANODE #2 
TYP 2 PLACES 



0030 
0040 



0030 
0040 



ORDERING INFORMATION* 



T078 


T071 


WAFER 


CHIP 


ID100 


ID101 


ID100/W 


ID100/D 



*When ordering wafer/dice refer to Section 10, page 10-1. 



ABSOLUTE MAXIMUM RATINGS 

(Ta = 25°C unless otherwise noted) 

Diode Reverse Voltage 30V 

Diode to Diode Voltage ±50V 

Forward Current 20mA 

Reverse Current lOO/uA 

Storage Temperature Range - 65°C to + 200°C 

Operating Temperature Range -55°C to +150°C 

Lead Temperature (Soldering, 10sec) +300°C 

Power Dissipation SOOmW 

Derate above 25°C 2.4mW/°C 



ELECTRICAL CHARACTERISTICS (@ 25X unless othenvise noted) 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


ID100, ID101 


UNIT 


MIN 


TYP 


MAX 


Vf 


Forward Voltage Drop 


If = 10mA 


0.8 




1.1 


V 


BVr 


Reverse Breakdown Voltage 


Ir=1mA 


30 






V 


Ir 


Reverse Leakage Current 


Vr = 1V 




0.1 




pA 


Vr = 10V 




2.0 


10 


1 Ta=125°C 






10 


nA 


IIR1-IR2I 


Differential Leakage Current 






3 


pA 


Crss 


Total Reverse Capacitance 


Vr = 10V, f = 1MHz (Note 1) 




0.75 


1 


PF 



NOTE 1: For design reference only, not 100% tested. 
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Note: All typical values have been guaranteed by characterization and are not tested. 



ID100, ID101 

TYPICAL PERFORMANCE CHARACTERISTICS 



REVERSE CURRENT vs. VOLTAGE 



CAPACITANCE vs. VOLTAGE 



FORWARD CURRENT vs. VOLTAGE 
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s 

E 



iTlOOi IT101 

P-Channel JFET Switch 



GENERAL DESCRIPTION 

This P-channel JFET has been designed to directly 
interface with TTL logic, thus eliminating the need for costly 
drivers, in analog gate circuitry. Bipolar inputs of ± 15V can 
be switched. The FET is OFF for hi level inputs (+5V or 
+ 15V) and ON for low level Inputs ( < 0.5 V for 
IT100, < 1.5V for IT101). 



PIN CONFIGURATION 



TOW 




ORDERING INFORMATION* 



TO-18 


WAFER 


DICE 


IT100 


IT100/W 


IT100/D 


IT101 


IT101/W 


IT101/D 



*When ordering wafer/dice refer to Section 10, page 10-1. 




FEATURES 

• Interfaces Directly w/TTL Logic Elements 

• CDSCon) < 75^ for 5V Logic Drive 

• iD(off) < 100pA 



CHIP TOPOGRAPHY 

5514 



(SOURCE) 

FULL RADIUS 

(DRAIN) 

0019 

0015 



L 0186 ^ 0037 0039 

I 0190 ^ ■ / 0027 0029 

I I I/ I r 

rTTTTTTlB— 

^4 1HIIHi _f '" 



NOTE SUBSTRATE IS GATE 



ABSOLUTE MAXIMUM RATINGS 

(Ta = 25°C unless otherwise noted) 

Gate-Source Voltage 35V 

Gate-Drain Voltage 35V 

Gate Current 50mA 

Storage Temperature Range -65X to +200X 

Operating Temperature Range - 55°C to + 1 50°C 

Lead Temperature (Soldering, 10sec) +300°G 

Power Dissipation , 300mW 

Derate above 25°C 2.4mW/°C 



ELECTRICAL CHARACTERISTICS (25X unless othenvise noted) 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


IT100 


IT101 


UNIT 


MIN 


MAX 


MIN 


MAX 


loss 


Drain Current 


Vgs = 0, Vds=-15V 


-10 




-20 




mA 


Vp 


Pinch Off Voltage 


lD = 1nA, Vds= -15V 


2 


4.5 


4 


10 


V 


bvgss 


Gate-Source Breakdown Vpltage 


Ig = imA. vbs = o 


35 




35 




Igss 


Gate Reverse Current 


Vgs = 20V. Vds = 




200 




200 


pA 


gfs 


Transconductance 


Vgs = 0, Vds=-15V 


8 




8 




mS 


Qos 


Output Conductance 




1 




1 


iD(off) 


Drain (OFF) Leakage 


Vds=-10V, Vgs=15V 




-100 




-100 


pA 


""DSCon) 


Drain-Source "ON" Resistance 


Vgs = o, Vds=-0 1V 




75 




60 


n 


C,ss 


Input Capacitance 


Vdg=-20V, Vgs = (Note 1) 




35 




35 


PF 


Crss 


Reverse Transfer Capacitance 


Vdg= -10V, ls = (Note 1) 




12 




12 



NOTE 1: For design reference only, not 100% tested. 
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IT120; IT122 

Dual NPN 

General Purpose Amplifier 




FEATURES 

• High hpE at Low Current 

• Low Output Capacitance 

• Good IMatching 

• Tight Vbe Tracking 



PIN CONFIGURATION 



TO-71 
TO-78 




CHIP TOPOGRAPHY 

4003 



COLLECTOR #1 - 



m 



0045 0045 
0035 0035 
-ISOLATION 



- COLLECTOR 
#2TYP2PLACES 

0045 ^ 0045 

0035 0035 
BASE #2 TYP 2 PLACES 

0040 , 



0030 



DIAMETER 



-EMITTER #2 0040 

TYP 2 PLACES 0030 



DIAMETER 

CT00351I 



ORDERING INFORMATION* 



TO-78 


TO-71 


WAFER 


DICE 


IT120 


IT120-TO71 


IT120/W 


IT120/D 


IT121 


IT121-T071 


IT121/W 


IT121/D 


IT122 


IT1 22-1071 


IT122/W 


IT122/D 



ABSOLUTE MAXIMUM RATINGS 

(Ta = 25°C unless otherwise noted) 

Collector-Base Voltage (Note 1) 45V 

Collector-Emitter Voltage (Note 1) 45V 

Emitter Base Voltage (Notes 1 and 2) 7V 

Collector Current (Note 1) 50mA 

Collector-Collector Voltage 60V 

Storage Temperature Range -65**C to +200°C 

Operating Temperature Range - 55°C to + 1 60°C 

Lead Temperature (Soldering, 10sec) +300°C 

TO-78 TO-71 



ONE 
SIDE 



BOTH 
SIDES 



ONE 
SIDE 



BOTH 
SIDES 



500mW 200mW 400mW 



*When ordering wafer/dice refer to Section 10, page 10-1. 

ELECTRICAL CHARACTERISTICS (25°C unless othenvise noted) 



Power Dissipation 250mW 

Derate Above 

25°C 1 .IrmirC 3.3mW/*'C 1 .3mW/X 2.7mW/*C 



SYMBOL 


PARAIVIETER 






IT120A 


IT120 


IT121 


IT122 


UNIT 


TEST CONuiiiund 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


hpE 


DC Current Gam 


IC=10AtA. VcE = 5.0V 


200 




200 




80 




80 






IC = 1.0mA, VcE = 5.0V 


225 




225 




100 




100 






|Ta=-55°C 


IC = 10iuA, VcE = 5.0V 


75 




75 




30 




30 






Vbe(ON) 


Emitter-Base On Voltage 




0.7 




0.7 




0.7 




0.7 


V 


Vce{SAT) 


Collector Saturation Voltage 


lc = 0.5mA, Ib = 0.05mA 




0.5 




0.5 




0.5 




0.5 


ICBO 


Collector Cutoff Current 


Ie = 0, VcB = 45V 




1.0 




1.0 




1 




1.0 


nA 


|Ta= +150°C 




10 




10 




10 




10 


mA 


'ebo 


Emitter Cutoff Current 


IC = 0, Veb = 5.0V 




1.0 




1.0 




1.0 




1.0 


nA 


Cobo 


Output Capacitance 


Ie = o. 

VcB = 5.0V 


f =1MHz 
(Note 3) 




2.0 




2.0 




2.0 




2.0 


PF 


Cte 


Emitter Transition 
Capacitance 


ic = o. 

Veb = 0.5V 




2.5 




2.5 




2.5 




2.5 


Cci,C2 


Collector to Collector 
Capacitance 


Vcc = 




4.0 




4.0 




4.0 




4.0 


"Ci,C2 


Collector to Collector 
Leakage Current 


Vcc = ±60V (Note 3) 




10 




10 




10 




10 


nA 
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a IT120i IT122 



" ELECTRrCAL CHARACTfeRISTrCS (CONT.) 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


IT120A 


IT120 


IT121 


IT122 


UNIT 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


VCEO(SUST) 


Collector to Emitter 
Sustaining Voltage 


Ic- 1.0mA, Ib = 


45 




45 




45 




45 




V 


GBW 


Current Gain Bandwidth 
Product (Note 3) 


IC = lOjLtA, VcE « 5V 
IC-1mA. VCE-5V 


10 
220 




10 
220 




7 
180 




7 
180 




MHz 


IVbEi-VbE2« 


Base Emitter Voltage 
Differential , 


IC-IOM, VCE-5.0V 




1 




2 




3 




5 


mV 


llBi-lB2l 


Base Current Differential 




2.5 




5 




25 




25 


nA 


A(VbEi-VbE2) 
AT 


Base-Emitter Voltage Differential 
Change with Temperature 


(Note 3) 

TA--55X to +125X 

IC-10/uA, VCE-5.0V 




3 




5 




10 




20 


mV/'C 



NOTES: 1. Per transistor. 

2. The reverse base-to-emitter voltage must never exceed 7.0 volts and the reverse base-to-emitter current must never exceed lO/uA- 

3. For design reference only, not 100% tested. 
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IT124 

Dual Super-Beta NPN 
General Purpose Amplifier 




10 



FEATURES 



• Very High Gain 

• Low Output Capacitance 

• Tight Vbe Matching 

• High GBW 



PIN CONFIGURATION 



10-78 




ORDERING INFORMATION' 



TO-78 


WAFER 


DICE 


IT124 


IT124/W 


IT124/D 



CHIP TOPOGRAPHY 




4003 



0045 
0035 



0045 
0035 



COLLECTOR 

#2 TYP 2 PLACES 

0045 „ 0045 

0035 0035 
BASE #2 TYP 2 PLACES 

0040 , 

0030 



- DIAMETER 



EMITTER #2 0040 

TYP 2 PLACES 0030 



DIAMETER 
CT00361I 



ABSOLUTE MAXIMUM RATINGS 

(Ta = 25°C unless otherwise noted) 

Collector-Base Voltage (Note 1) 2V 

Collector-Emitter Voltage (Note 1) 2V 

Emitter-Base Voltage (Notes 1 and 2) 7V 

Collector-Current (Note 1) 10mA 

Collector-Collector Voltage 100V 

Storage Temperature Range - 65°C to + 200°C 

Operating Temperature Range - 55**C to + 1 50**C 

Lead Temperature (Soldering, 10sec) +300°C 

TO-78 

ONE SIDE BOTH SIDES 



*When ordering wafer/dice refer to Section 10, page 10-1. 



Power Dissipation 300mW 

Derate above 25°C 2.4mW/°C 



500mW 
4.0mW/X 



ELECTRICAL CHARACTERISTICS @ 25X (unless othenvise noted) 



SYMBOL 


PARAMETER 






LIMITS 


UNIT 


TEST CONuiiiund 


MIN 


MAX 


hpE 


DC Current Gam 


Ic=1mA, VCE = 1V 


1500 






Ic=10mA, Vce = 1V 


1500 




1 Ta=-55X 


600 




Vbe(ON) 


Emitter-Base "ON" Voltage 




0.7 


V 


Vce(SAT) 


Collector Saturation Voltage 


lc= 1mA, Ib = 0.1mA 




0.5 


ICBO 


Collector Cutoff Current 


Ie = o, Vcb = 1V 




100 


pA 


1 Ta=+150°C 




100 


nA 


'ebo 


Emitter Cutoff Current 


IC = 0, Veb = 5V 




100 


pA 


Cobo 


Output Capacitance (Note 3) 


Ie = o, Vcb = 1V 


f=1MHz 




0.8 


PF 


Cte 


Emitter Transition Capacitance (Note 3) 


ic = o, Veb = 0.5V 




1.0 


CCiC2 


Collector to Collector Capacitance (Note 3) 


Vcc = o 




0.8 


'C1C2 


Collector to Collector Leakage Current 


Vcc = ±50V 




250 


pA 


GBW 


Current Gam Bandwidth Product (Note 3) 


IC=10iuA, VcE = 1V 


10 




MHz 


IC=100iLtA, VcE=1V 


100 




NF 


Narrow Band Noise Figure (Note 3) 


IC=10iuA. VcE = 3V, 
f=1kHz, RG = 10kfi 
BW == 200Hz 




3 . 


dB 


BVcBO 


Collector-Base Breakdown Voltage 


Ic=10mA, Ie = 


2 




V 


BVebO (Note 2) 


Emitter-Base Breakdown Voltage 


Ie = 10mA. Ic = o 


7 




VcEO(SUST) 


Collector-Emitter Sustaining Voltage 


lc = 1mA. Ib = 


2 
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Note: All typical values have been guaranteed by characterization and are not tested. 



S IT124 



MATCHING CHARACTERISTICS @ 25°C (unless otherwise noted) 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


LIMITS 


UNIT 


TYP 


MAX 


IVBEI-VBE2I 


Base Emitter Voltage Differential 


IC=10jLiA, VcE = 1V 


2 


5 


mV 


aI(Vbei-Vbe2)I/at 


Base Emitter Voltage Differential Change with 
Temperature (Note 3) 


Ic = 10mA, Vce = 1V 
T- -55*C to +125°C 


5 


15 


mV/°c 


llB1-lB2lt 


Base Current Differential 


Tc = 10/LiA, VcE = 1V 




.6 


nA 



NOTES: 1. Per transistor. 

2. The reverse base-to-emitter voltage must never exceed 7.0 volts and the reverse base-to-emitter current nnust never exceed lO^A. 

3. For design reference only, not 100% tested. 
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IT126-IT129 

Dual NPN 

General Purpose Amplifier 



FEATURES 

• High Gain at Low Current 

• Low Output Capacitance 

• Tight ie IMatch 

• Tight Vbe Traclcing 

• Dielectricaiiy Isolated Matched Pairs for 
Differential Amplifiers 



PIN CONFIGURATION 



10-71 
TO-78 




ORDERING INFORMATION' 



T078 


TO-71 


WAFER 


DICE 


IT126 


IT126-T071 


IT126/W 


IT126/D 


IT127 


IT127-T071 


IT1 27/ W 


IT127/D 


IT128 


IT128-T071 


IT128/W 


IT128/D 


IT129 


IT129-T071 


IT129/W 


IT129/D 



*When ordering wafer/drce refer to Section 10, page 10-1. 




CHIP TOPOGRAPHY 

4001 



_/ COL 



i^ 



EMITTER 
0029 0029 
0039 0039 

TYP 2 PLACES 



BASE 
0030 x 0030 
0040 0040 
COLLECTOR TYP 2 PLACES 

0035 ^ 0034 
0045 0044 
TYP 2 PLACES 



ABSOLUTE MAXIMUM RATINGS 

(Ta = 25°C unless otherwise specified) 
Collector-Base Voltage (Note 1) 

IT126, IT127 60V 

IT128 55V 

IT129 45V 

Collector-Emitter Voltage (Note 1) 

IT126, IT127 60V 

IT128 55V 

IT129 45V 

Emitter-Base Voltage (Notes 1 and 2) 7.0V 

Collector Current (Note 1) 100mA 

Collector-Collector Voltage 70V 

Storage Temperature Range - 65'*C to + 1 75'*C 

Operating Temperature Range - 55°C to + 1 75°C 

Lead Temperature (Soldering, 1 0sec) + SOO^'C 

T071 T078 



Power Dissipation 



ONE 
SIDE 



Total Dissipation at 25X 200mW 

1.3 
Derating Factor mW/°C 



BOTH 
SIDES 

400mW 

2.7 
mW/'^C 



ONE 
SIDE 

250mW 

1.7 
mW/X 



BOTH 
SIDES 

500mW 

3.3 
mW/°C 



10 
0> 



s 



ELECTRICAL CHARACTERISTICS (25°C unless othen^^ise noted) 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


IT126 


IT127 


IT128 


IT129 


UNIT 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


hFE 


DC Current Gain 


Ic=10mA, Vce = 5V 


150 




150 




100 




70 






IC = 1.0mA, Vce = 5V 


200 


800 


200 


800 


150 


800 


100 




IC = 10mA. Vce = 5V 


230 




230 




170 




115 




lc = 50mA. VcE = 5V 


100 




100 




75 




50 




|Ta=-55°C 


IC = 1mA, VcE = 5V 


75 




75 




60 




40 




VBE(on) 


Emitter-Base On Voltage 


lc=10mA, VcE = 5V 




0.9 




0.9 




0.9 




0.9 


V 


Ic * 50mA. VcE = 5V 




1.0 




1.0 




1.0 




1.0 


VcE(sat) 


Collector Saturation Voltage 


lc=10mA, lB = 1mA 




0.3 




0.3 




0.3 




0.3 


lc = 50mA, lB = 5mA 




1.0 




1.0 




1.0 




1.0 


ICBO 


Collector Cutoff Current 


Ie = 0, VcB = 45V, 30V* 




0.1 




0.1 




0.1 




0.1* 


nA 


|Ta=+150°C 




0.1 




0.1 




0.1 




0.1* 


mA 


Iebo 


Emitter Cutoff Current 


IC = 0, Veb = 5V 




0.1 




0.1 




0.1 




0.1 


nA 



2-^1 
Note: All typical values have been guaranteed by charactenzation and are not tested. 



§1 IT126«IT129 

1 ELECTRICAL CHARACTERISTICS (CONT.) 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


IT126 


IT127 


IT128 


IT129 


UNIT 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


Cobo 


Output Capacitance (Note 3) 


Ie = 0, VcB = 20V 




3 




3 




3 




3' 


PF 


BVci C2 


Collector to Collector Breakdown 
Voltage 


lc = ±1/xA 


±100 




±100 




±100 




±100 




V 


VcEO(sust) 


Collector to Emitter Sustaining 
Voltage 


IC = 1mA, \^ = 


60 




60 




55 




45 




BVcBO 


Collector Base Breakdown 
Voltage 


\c = ^04x^, Ie-0 


60 




60 




55 




45 




bvebo 


Emitter Base Breakdown Voltage 


lE = 10iuA, lc = 


7 




7 




7 




7 





MATCHING CHARACTERISTICS 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


IT126 


IT127 


IT128 


IT129 


UNIT 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


iVsEr-VBEal 


Base Emitter Voltage Differential 


IC=1mA, VcE = 5V 




1 




2 




3 




5 


mV 


AdVBEi-VBEgl) 
AT 


Base Emitter Voltage Differential 
Change with Temperature (Note 3) 


lc=1mA, VcE = 5V 
Ta= -55°C to +125°C 




3 




5 




10 




20 


/uV/°C 


llBi-iBgl 


Base Current Differential 


IC-IOjuA, VcE = 5V 




2.5 




5 




10 




20 


nA 


lc=1mA, VcE = 5V 




0.25 




0.5 




1.0 




2.0 


ma 



NOTES: 1. Per transistor. 

2. The reverse base-to-emitter voltage must never exceed 7.0 volts and the reverse base-to-emitter current must never exceed 10/uA. 

3. For design reference only, not 100% tested. 



2^2 
Note: All typical values have been guaranteed by characterization and are not tested. 



IT130-IT132 

Dual PNP 

General Purpose Amplifier 



FEATURES 

• High hpE at Low Current 

• Low Output Capacitance 

• Tight Ib IMatch 

• Tight Vbe Tracicing 



PIN CONFIGURATIONS 



TO-71 
TO-78 




ORDERIN 


G INFORMATIC 


)N* 




TO-78 


TO-71 


WAFER 


DICE 


IT130A 


IT130A-TO71 


IT130A/W 


IT130A/D 


IT130 


ltl30-TO71 


IT130/W 


IT130/D 


IT131 


IT131-T071 


IT131/W 


IT131/D 


(T132 


IT1 32-1071 


IT132/W 


IT132/D 



*When ordering wafer/dice refer to Section 10, page 10-1. 




CHIP TOPOGRAPHY 



4503 



COLLECTOR #1 - 



m 



004S .0045 
,0035 .0035 
-ISOLATION 



- COLLECTOR 
#2 TYP 2 PLACES 

0045 ^ 0045 

0035 0035 
BASE #2 TYP 2 PLACES 

0040 I 



0030 



DIAMETER 



-EMITTER #2 0040 

TYP 2 PLACES 0030 

DIAMETER 
CT00381I 



ABSOLUTE MAXIMUM RATINGS 

(Ta = 25°C unless otherwise specified) 

Collector-Base Voltage (Note 1) 45V 

Collector-Emitter Voltage (Note 1) 45V 

Emitter Base Voltage (Notes 1 and 2) 7V 

Collector Current (Note 1) 50mA 

Collector-Collector Voltage 60V 

Storage Temperature Range - 65°C to + 1 75°C 

Operating Temperature Range -55°C to +175°C 

Lead Temperature (Soldering, 10sec) +300°C 

TO-71 TO-78 



ONE 
SIDE 



BOTH 
SIDES 



ONE 
SIDE 



BOTH 
SIDES 



200mW 400mW 250mW 500mW 



-. .-^^^.^ . . ^. . . « M ^^^^.^^,^^ Power Dissipation 1.3mW/X 2.7mW/°C 1.7mW/°C 3.3mW/X 

ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 



2 
10 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


IT130A 


IT130 


IT131 


IT132 


UNIT 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


hpE 


DC Current Gam 


!c=10iuA. VcE = 5.0V 


200 




200 




80 




80 






lc= 1.0mA, VcE = 5.0V 


225 




225 




100 




100 




|Ta=-55X 


IC=10/iA. VcE = 5.0V 


75 




75 




30 




30 




Vbe(ON) 


Emitter-Base On Voltage 


lc = 10/iA. VcE =5.0V 




0.7 




0.7 




0.7 




0.7 


V 


Vce(SAT) 


Collector Saturation Voltage 


lc = 0.5mA, Ib = 0.05mA 




0.5 




0.5 




0.5 




0.5 


'CBO 


Collector Cutoff Current 


Ie = 0, VcB = 45V 




-1.0 




-1.0 




-1.0 




-1.0 


nA 


|Ta=+150X 




-10 




-10 




-10 




-10 


ma 


'ebo 


Emitter Cutoff Current 


IC = 0. Veb = 5.0V 




-1.0 




-1.0 




-1.0 




-1.0 


nA 


Cob (Note 3) 


Output Capacitance 


Ie = 0. VcB = 5.0V 




2.0 




2.0 




2.0 




2.0 


PF 


Cte (Note 3) 


Emitter Transition Capacitance 


IC = 0, Veb = 0.5V 




2.5 




2.5 




2.5 




2.5 


CC1-C2 (Note 3) 


Collector to Collector 
Capacitance 


Vcc = 




4.0 




4.0 




4.0 




4.0 


!ci-C2 


Collector to Collector Leakage 
Current 


Vcc = ±60V 




10 




10 




10 




10 


nA 


VcEO(SUST) 


Collector to Emitter Sustaining 
Voltage 


IC = 1.0mA, Ib = 


-45 




-45 




-45 




-45 




V 


GBW 


Current Gam 

Bandwidth Product (Note 3) 


IC=10/xA, VcE = 5V 


5 




5, 




4 




4 




MHz 


lc=1mA, VcE = 5V 


110 




110 




90 




90 




IVBE1-VBE2I 


Base Emitter Voltage 
Differential 


Ic=10mA. Vce = 5.0V 




1 




2 




3 




5 


mV 
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t^ IT130-IT132 

3 ELECTRICAL CHARACTERISTICS (CONT.) 

IF 

H 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


IT130A 


IT130 


IT131 


IT132 


UNIT 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


llBi~lB2l 


Base Current Differential 


Ic = 10mA, Vce = 5.0V 




2.5 




5 




25 




25 


nA 


A(VBErVBE2)/AT 


Base-Emitter Voltage Differential 
Change with Temperature 
(Note 3) 


Ta=-55X to +125X 
IC=10jLiA, VcE = 5.0V 




3 




5 




10 




20 


mV/x 



NOTES: 1. Per transistor. 

2. The reverse base-to-emitter voltage must never exceed 7.0V, and the reverse base-to-emitter current m,ust never exceed 10/liA. 

3. For design reference only, not 100% tested. 
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IT136-IT139 

Dual PNP 

General Purpose Amplifier 



FEATURES 

• High Gain at Low Current 

• Low Output Capacitance 

• Tight JB l\/latch 

• Tight Vbe Tracicing 

• Dielectrically isolated Matched Pairs for 
Differential Amplifiers 



PIN CONFIGURATION 



TO-71 
TO-78 




ORDERING INFORMATION' 



TO-78 


TO-71 


WAFER 


DICE 


IT136 


IT136-T071 


IT136/W 


IT136/D 


111 37 


IT1 37-1071 


IT137/W 


IT137/D 


IT138 


III 38-1071 


III 38/ W 


IT138/D 


IT139 


IT139-T071 


IT139/W 


IT139/D 



*When ordering wafer/dice refer to Section 10, page 10-1. 




:^ 



CHIP TOPOGRAPHY 



1 ,, tMlllt 

EMITTER y ^^COLLECTOR 

BASE ^ 0035 ^ 0034 



•o 0029 X 0029 
0039 0039 

TYP 2 PLACES 
0030^ ^ ^30 
0040 0040 

COLLECTOR TYP 2 PLACES 
003_5_ ^ 0034 
0045 0044 

TYP 2 PLACES 

CT00391I 



ABSOLUTE MAXIMUM RATINGS 

(Ta = 25°C unless otherwise noted) 

Collector-Base Voltage (Note 1) 

IT136, IT137 60V 

IT138 55V 

IT139 45V 

Collector-Emitter Voltage (Note 1) 

IT136, IT137 60V 

IT 138 55V 

IT139 45V 

Emitter Base Voltage (Notes 1 and 2) 7V 

Collector Current (Note 1) 100mA 

Collector-Collector Voltage 70V 

Storage Temperature Range -65°C to +175°C 

Operating Temperature Range -55°C to +175°C 

Lead Temperature (Soldering, 10sec) +300°C 

TO-71 TO-78 



ONE 
SIDE 



BOTH 
SIDES 



ONE 
SIDE 



BOTH 
SIDES 



Power Dissipation 200mW 400mW 250mW 500mW 

Derate above 25°C;.. 1.3mW/°C 2.7mWrC 1.7mW/°C 3.3mW/°C 



ELECTRICAL CHARACTERISTICS (@ 25°C unless otherwise noted) 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


IT136 


IT137 


IT138 


IT139 


UNIT 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


hFE 


DC Current Gam 


Ic = 10mA, Vce = 5V 


150 




150 




100 




70 






lc = 1.0mA, VcE = 5V 


150 


800 


150 


800 


100 


800 


70 


800 




lc = 10mA, VcE = 5V 


125 




125 




80 




50 






Ic = 50mA, VcE = 5V 


65 




60 




40 




25 






|Ta = 55X 


lc=1mA, VcE = 5V 


75 




75 




60 




40 






VBE(on) 


Emitter-Base On Voltage 


IC = 10mA, VcE = 5V 




9 




.9 




.9 




.9 


V 


Ic = 50mA, VcE = 5V 




1.0 




1 




1.0 




1.0 


VcE(sat) 


Collector Saturation Voltage 


Ic = 1mA, Ib = .1mA 




.3 




.3 




.3 




.3 


Ic = 10mA, Ib = 1mA 




.6 





.6 




.6 




.6 



mlk 

f 

H 

■4 

<0 
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S IT136-IT139 

T ELECTRICAL CHARACTERISTICS (CONT.) 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


IT136 


IT137 


IT138 


IT139 


UNIT 


MiN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


ICBO 


Collector Cutoff Current 


Ie = 0, VcB = 45V, 30V* 




0.1 




0.1 




0.1 




0.1* 


nA 


|Ta= +150=C 




0.1 




0.1 




0.1 




0.1* 


HA 


Iebo 


Emitter Cutoff Current 


IC == 0, Veb = 5V 




0.1 




0.1 




0.1 




0.1 


nA 


Cobo 


Output Capacitance (Note 3) 


Ie = 0, Vcb = 20V, f-=1MHz 




3 




3 




3 




3 


PF 


BVC1C2 


Collector to Collector 
Breakdown Voltage 


!c-t1M 


±100 




±100 




±100 




±100 




V 


VcEO(sust) 


Collector to Emitter 
Sustaining Voltage 


lc= 1mA, 1b = 


60 




60 




55 




45 




BVcBO 


Collector Base Breakdown 
Voltage 


IC = 10mA, iE = 


60 




60 




55 




45 




bvebo 


Emitter Base Breakdown 
Voltage 


lE=10juA, lc-0 


7 




7 




7 




7 




IVBEi-VBEgl 


Base Emitter Voltage 
Differential 


lc-1mA, VcE = 5V 




1 




2 




3 




5 


mV 


a1(Vbei-Vbe2)I/at 


Base Emitter Voltage Differential 
Change with Temperature 
(Note 3) 


iC = 1mA. VcE = 5V 
Ta= -55*C to +125°C 




3 




5 




10 




20 


mv/x 


ilBi-lBgi 


Base Current Differential 


lc==10iuA, VcE = 5V 




25 




5 




10 




20 


nA 


IC-=1mA, VcE = 5V 




.25 




.5 




1.0 




2.0 


mA 



NOTES: 1. Per transistor. 

2 The reverse base-to-emitter voltage must never exceed 7 volts and the reverse base-to-emitter current must never exceed 10/uA. 
3. For design reference only, not 100% tested. 
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IT500-IT505 

Dual Cascoded N-Channel JFET 
General Purpose Amplifier 




GENERAL DESCRIPTION 

A low noise, low leakage FET that employs a cascode 
structure to accomplish very low \q at high voltage levels, 
while giving high transconductance and very high common, 
mode rejection ratio. 



PIN CONFIGURATION 




SCHEMATIC DIAGRAM 




ORDERING INFORMATION* 



TO-71 


WAFER 


DICE 


IT500 


IT500/W 


IT500/D 


IT501 


IT501/W 


IT501/D 


!T502 


IT502/W 


IT502/D 


IT503 


IT503/W 


IT503/D 


' IT504 


IT504/W 


IT504/D 


IT505 


IT505/W 


IT505/D 



FEATURES 

• CMRR>120dB 

• JG < 5pA @ 50Vdg 

• Cfss < 0.5pF 

• gos > -025^x8 



wi 

? 

H 
01 
O 
01 



CHIP TOPOGRAPHY 



6028 



BODY 
003 DIA 



GATE 1 
003 X 003 



DRAIN 2 
003 X 003 



— 024-— v^^ 



DRAIN 1 
003 X 003 






SOURCE 1 
033 X 003 



GATE 2 
003 X 003 



SOURCE 2 
003 X 003 



ABSOLUTE MAXIMUM RATINGS 

(Ta = 25°C unless otherwise specified) 
Drain-Source and Drain-Gate 

Voltages (Note 1) 60V 

Drain Current (Note 1) 50mA 

Gate-Gate Voltage ±60V 

Storage Temperature -65°C to +200X 

Operating Temperature -55°C to +150*'C 

Lead Temperature (Soldering, 10sec) +300°C 

ONE SIDE BOTH SIDES 

Power Dissipation (Note 3) 250mW 500mW 

Derate above 25°C 3.8mW/**C 7.7mW/"C 

NOTE 1. Per transistor. 

NOTE 2. Due to the non-symmetrical structure of these devices, the 

drain and source ARE NOT interchangeable. 
NOTE 3. @ 85°C free air temp. 



•When ordenng wafer/dice refer to Section 10, page 10-1. 
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I IT5OO^IT505 

7 ELECTRICAL CHARACTERISTICS (@ 25«C unless otherwise specified) 



SYMBOL 










LIMITS 


UNIT 


CHARACt tiiis 1 lus 


TEST COiMui 1 luiHd 


MIN 


MAX 


'gss 


Gate Reverse Current 




Vgs = -20V. Vds = o 




-100 


pA 


Ta*125*>C 




-5 


nA 


bvgss 


Gate-Source Breakdown Voltage 


lG=-1juA, Vds*=0 


-60 




V 


VGS(off) 


Gate-Source Cutoff Voltage 


Vds = 20V, lD = 1nA 


-0.7 


-4 


Vgs 


Gate-Sburce Voltage 


Vdg*50V, lD = 200/iA 


-0.2 


-3.8 


IG 








-5 


pA 


Gate Operating Current 


Ta-125»C 




-5 


nA 


loss 


Saturation Dram Current (Note 1) 


Vds = 20V. Vgs = 


0.7 


7 


mA 


gfs 


Common-Source Forward Transconductance 
(Note 1) 


Vds - 20V, Vgs = o 


f = 1kHz 


1000 


4000 


US 


gis 


Common-Source Fonward Transconductance 
(Note 1) 


Vdg * 20V. Id = 200mA 


700 


1600 


Qos 


Common-Source Output Conductance 


Vds = 20V. Vgs = o 




1 


gos 


Common-Source Output Conductance 


Vds = 20V, Id = 200iuA 




0.025 


Cg1g2 


Gate to Gate Capacitance (Note 4) 


Vgiv=Vg2 = 10V 


f=1MHz 




3.5 


PF 


C,ss 


Common-Source Inptrt Capacitance (Note 4) 


Vds - 20V, Vgs ^ o 




7 


PF 


Crss 


Common-Source Reverse Transfer Capacitance 
(Note 3, 4) 




0.5 


NF 


Spot Noise Figure (Note 4) 


f= 100Hz. 
RG = 10f^n 




0.5 


dB 


©n 




f = 10Hz 




0.035 


mV 

n/FE 


Equivalent Input Noise Vo 


tage (Note 4) 


f=1kHz 




0.010 



SYMBOL 


CHARACTERISTICS 






IT500 


IT501 


IT502 


IT503 


IT504 


IT505 


UNIT 


TEST COk^iui 1 lUNd 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


Igi-!G2 


Differential Gate 
Current 


Vdg = 20V. ^125°C 
Id»200mA ^^'^^'^ 




5 




5 




5 




5 




10 




15 


nA 


Idssi 

IdSS2 


Saturation Drain Current 
Ratio (Note 1) 


Vds = 20V, Vqs = ov 


0.95 


1 


0.95 


1 


0.95 


1 


0.95 


1 


0.9 


1 


0.85 


1 




gfsi/gfs2 


Transconductance Ratio 
(Note 1) 




f«=1kHz 


0.97 


1 


0.97 


1 


0.95 


1 


0.95 


1 


0.90 


1 


0.85 


1 




VQS1-VGS2 


Differential Gate*Source 
Voltage 


Vdg = 20V 

Id * 200mA 






5 




5 




10 




15 




25 




50 


mV 


AVGS1-VGS2 
AT 


Gate-Source Differential 
Voltage 


Ta = 25»C 
Tb = 125°C 




5 




10 




20^ 




40 




100 




200 


/iV/°C 


Change with Temp. 
(Note 2. 4) 


Ta--55'^ 
Tb»25*C 




5 




10 




20 




40 




100 




200 


Cmrr** 


Common Mode Rejection 
Ratio (Note 4) 


A Vdd'^IOV, Id = 200mA 


120 




120 




120 




120 




120 




120 




dB 



** Cmrr''20 logioAVDD/A[Y9s1-Vgs2]. AVdd*10/-20V 
NOTES: 1 . Pulse test required, pulsewidth = 300ms, duty cycle < 3%. 

2. Measured at end points, Ta and Tb. 

3. With case guarded Crss 'S typically < 0.1 5pF. 

4. For design reference only, not 100% tested. 
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IT500-IT505 

TYPICAL PERFORMANCE CHARACTERISTICS 

GATE LEAKAGE 



o 3 
o 







1 

lO - 200pA 








rTA-25°C 


i 


















A 


/ 




_^ 


— 


y 





OUTPUT CHARACTERISTICS 





. 


1 

vgs-ov 




c 




Vos"-0 2V 






VGS--0 4V 




Y^ 








^ 




VGS--08V 




f 




VGs-|-lOV 




r" 




Vgs"-^2V, 




y 




VG^.-16V 










r 







? 

(11 



Voa- DRAIN-GATE VOLTAGE - VOLTS 

OP00211I 

OUTPUT CHARACTERrSTICS 



DRAIN TO SOURCE VOLTAGE 



TYPICAL CAPACITANCE VS. GATE-SOURCE 
VOLTAGE 



1" 

1 

1" 

c 












\ 












v 










\ 


k 






goo 

1 

-? A 






\ 


>^_ 





1 1 1 1 


8 .Vos-»V _ 
^ f-10MM« 


s. t- 


5 i 


« 4 L_ 


1 ^..^ 


-p 


^ 1 



-0 5 -10 -15 -2 -2 5 
-GATE-SOURCE VOLTAGE- VOLTS 

OP00231I 



Vqs-GATE source VOLTAGE-VOLTS 

OP00241I 
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g IT550 

!= Dual N-Channel JFET Switch 




FEATURES 

• Specified Matching Characteristics 

• High Gain 

• Low "ON" Resistance 



PIN CONFIGURATION 



T0-T1 




CHIP TOPOGRAPHY 

6033 




ORDERING INFORMATION* 



TO-71 


WAFER 


DICE 


IT550 


IT550/W 


IT550/D 



*When ordering wafer/dice refer to Section 10, page 10-1. 

ELECTRICAL CHARACTERISTICS 

TEST CONDITIONS (25*^C unless otherwise noted) 



ABSOLUTE MAXIMUM RATINGS 

(25°C Unless othenA^ise noted) 

Gate-Drain or Gate-Source Voltage -40V 

Gate Current 50mA 

Gate-Gate Voltage ±80V 

Storage Temperature Range -65°C to +200X 

Operating Temperature Range - SS^C to + 1 75*'G 

Lead Temperature (Soldering. 1 0sec) + 300°C 

ONE SIDE BOTH SIDES 

Power Dissipation 325mW 650mW 

Derate above 25°C 2.2mW/°C 4.3mW/*'C 



SYMBOL 


PARAMETER 






LIMITS 


UNIT 


TEST COiMuiiiuNd 


MIN 


MAX 


Iqssr 


Gate-Reverse Current 


Vgs=-20V, Vds = 




-100 


pA 


|Ta = 150X 




-200 


mA 


bvgss 


Gate-Source Breakdown Voltage 


Ig=-imA, Vds = 


-40 




V 


VGS{off) 


Gate-Source Cutoff Voltage 


Vds=15V. iD = 1nA 


-0.5 


-3 


VGS(f) 


Gate-Source Voltage 


Vds = OV, lG = 2mA 




1.0 


loss 


Saturation Dram Current (Note 1) 


Vds = 15V, Vgs = 


5 


30 


mA 


"'DS(on) 


Static Dram Source ON Resistance 


Id* 1mA. Vgs = 




100 


a 


gfs 


Common-Source Forward 
Transconductance (Note 1) 


Vdg = 15V, Id = 2mA 


f=1kHz 


7500 


12,500 


MS 


f = 100MHz (Note 4) 


7000 




gos 


Common-Source Output Conductance 


f = 1kHz 




45 


Crss 


Common-Source Reverse Transfer Capacitance 


f=1MHz 
(Note 4) 




3 


PF 


C,ss 


Common-Source Input Capacitance 




12 


NF 


Spot Noise Figure (Note 4) 


f=10Hz, Rg = 1M 




1.0 


dB 


en 


Equivalent Short Circuit Input Noise Voltage 
(Note 4) 


f=10Hz 




50 


nv 
VHi 


Idssi 

IdSS2 


Saturation Dram Current Ratio (Notes 1, 2) 


Vds=15V, Vgs = 


0.95 


1 


- 
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IT550 

ELECTRICAL CHARACTERISTICS (CONT.) 



01 
01 

o 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


LIMITS 


UNIT 


MIN 


MAX 


IVGS1-VGS2I 


Differential Gate-Source Voltage 


Vds = 15V, Id = 2mA 
(Ta=-55°C to +125°C) 




50 


mV 


AIVGSI-VGS2I 
AT 


Gate-Source Voltage Differential Dnft (Note 3) 




100 


/iV/°C 


gfsi 
gfs2 


Transconductance Ratio (Notes 1, 2) 


Vds = 15V, Id = 2mA f = 1kHz 


0.90 


1 


- 



NOTES: 1. Pulse test required; pulse width 300/lis, duty cycle < 3%. 

2. Assumes smaller Value in numerator. 

3. Measured at end points Ta and Tb- 

4. For design reference only, not 100% tested. 
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I IT1700 

c P-Channel 



Enhancement Mode MOSFET 
General Purpose Amplifier 




FEATURES 

• Low ON-Resistance 

• High Gain 

• Low Noise Voltage 

• High Input Impedance 

• Low Leakage 



PIN CONFIGURATION 



TO-72 




CHIP TOPOGRAPHY 



1503 



0025 0029 

0035 0039 



0030 
0040 




0025 y 0029 
0035 0039 



\ 0030 y^ 0028 

NOTE SUBSTRATE 0040 0038 

IS BODY 

CT00421I 



ABSOLUTE MAXIMUM RATINGS 

(Ta = 25°C unless otherwise noted) 

Drain-Source and Gate-Source Voltage -40V 

Peak Gate-Source Voltage (Note 1) ±125V 

Drain Current 50mA 

Storage Temperature -65°C to +200°C 

Operating Temperature Range -55°C to +150°C 

Lead Temperature (Soldering, 10sec) ,....+ 300°C 

Power Dissipation 375mW 

Derate above 25°C 3mW/°C 

*When ordering wafer/dice refer to Section 10, page 10-1. 

ELECTRICAL CHARACTERISTICS (25X unless othen^^lse noted), Vbs = unless otherwise noted. 



ORDERING INFORMATION* 



TO-72 


WAFER 


DICE 


IT1700 


IT1700/W 


IT1700/D 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


LIMITS 


UNIT 


MIN 


MAX 


bvdss 


Drain to Source Breakdown Voltage 


Vgs = 0, Id=-10mA 


-40 




V 


BVsDS 


Source to Dram Breakdown Voltage 


Vgs = 0, lD=-10iuA 


-40 




V 


'gss 


Gate Leakage Current 




(See note 2) | 


•dss 


Drain to Source Leakage Current 


VgS = 0, Vds=-20V 




200 


pA 


loss (150°C) 


Drain to Source Leakage Current 




0.4 


mA 


ISDS 


Source to Drain Leakage Current 




400 


pA 


ISDS (150X) 


Source to Dram Leakage Current 




0.8 


fxA 


VGS(th) 


Gate Threshold Voltage 


Vgs-Vds. Id=-iomA 


-2 


-5 


V 


roSCon) 


Static Drain to Source "on" Resistance 


Vgs=-iov, Vds = 




400 


ohms 


iDS(on) 


Dram to Source "on" Current 


Vgs==-10V, Vds=-15V 


2 




mA 


Qfs 


Forward Transconductance Common Source 


Vds= -15V, Id= -10mA 
f ^1kHz 


2000 


4000 


MS 


C,ss 


Small Signal, Short Circuit, Common Source, Input 
Capacitance 


Vds= -15V, Id= -10mA 
f = 1MHz (Note 3) 




5 


PF 


Crss 


Small Signal, Short Circuit, Common Source, 
Reverse Transfer Capacitance 


Vdg= -tsv, iD = 
f = 1MHz (Note 3) 




1.2 


PF 


Cqss 


Small Signal, Short Circuit, Common Source, 
Output Capacitance 


Vds=-15V, Id = -10mA 
f=1MHz (Note 3) 




3.5 


pF 



NOTES: 1. Device must not be tested at ±125V more than once nor longer than 300ms. 

2. Actual gate current is immeasurable. Package suppliers are required to guarantee a package leakage of < 
leakage is the dominant mode which is sensitive to both transient and storage environment, which cannot 

3. For design reference only, not 100% tested. 



lOpA. External package 
be guaranteed. 
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IT1750 

N-Channel 

Enhancement Mode MOSFET 

General Purpose Amplifier Switch 







FEATURES 

• Low ON Resistance 

• Low Cdg 

• High Gam 

• Low Threshold Voltage 



PIN CONFIGURATION 

TO-72 




CHIP TOPOGRAPHY 

1003 



0025 
0035 




S '^ -^ S^NOTE SUBSTRATE^ ° S 
0040 0039 IS BODY 



0025 „ 0029 



0038 



ORDERING INFORMATION* 



TO-72 


WAFER 


DICE 


IT1750 


IT1750/W 


IT1750/D 



ABSOLUTE MAXIMUM RATINGS 

(Ta ~ 25°C unless otherwise noted) 

Drain-Source and Gate-Source Voltage 25V 

Peak Gate-Source Voltage (Note 1) .±125V 

Drain Current 1 00mA 

Storage Temperature Range - 65*^0 to + 200°C 

Operating Temperature Range - 55°C to + 1 50°C 

Lead Temperature (Soldering, 10sec) +300°C 

Power Dissipation 375mW 

Derate above 25°C 3mW/°C 



*When ordering wafer/dice refer to Section 10, page 10-1. 

ELECTRICAL CHARACTERISTICS 

(Ta = 25''C, Body connected to Source and Vbs = unless othenwise noted) 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


LIMITS 


UNIT 


MIN 


TYP 


MAX 


VGS{th) 


Gate to Source Threshold Voltage 


VdS = Vgs, lD=10iuA 


0.50 


1.5 


3.0 


V 


loss 


Drain Leakage Current 


Vds=10V, Vgs = 




0.1 


10 


nA 


Igss 


Qate Leakage Current 




See note 2. | 


bvdss 


Drain Breakdown Voltage 


Id = iom, Vgs = o 


25 






V 


rDS(on) 


Dram To Source on Resistance 


Vgs = 20V 




25 


50 


ohms 


iD(on) 


Drain Current 


Vds = Vgs = iov 


10 


50 




mA 


Yfs 


Fonward Transadmittance 


Vds = 10V, Id = 10mA. 
f = 1kHz 


3,000 






US 


C,ss 


Total Gate Input Capacitance 


Id = 10mA, Vds=10V, 
f=1MHz (Note 3) 




5.0 


6.0 


PF 


Cd, 


Gate to Dram Capacitance 


Vdg = 10V, f = 1MHz (Note 3) 




1.3 


1.6 


pF 



NOTES: 1. Devices must not be tested at ±125V more than once nor longer than 300ms. 

2, Actual gate current is immeasurable. Package suppliers are required to guarantee a package leakage of<10pA. External package 
leakage is the dominant mode which is sensitive to both transient and storage environment, which cannot be guaranteed. 

3. For design reference only, not 100% tested. 
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§ J105^J107 

7 N-Channel JFET Switch 

IP 
O 

^ FEATURES 

• Low rDS(on) 




PIN CONFIGURATION 

TO-92 




APPLICATIONS 

• Analog Switches 

• Choppers 

• Commutators 

ABSOLUTE MAXIMUM RATINGS 

(Ta = 25°C unless otherwise noted) 

Gate-Drain or Gate-Source Voltage -25V 

Gate Current 50mA 

Storage Temperature Range - 55°C to + 1 SO'^C 

Operating Temperature Range - 55°C to + 1 35°C 

Lead Temperature (Soldering, 1 0sec) + 300°C 

Power Dissipation .....360mW 

Derate above 25°C ....3.3mW/°C 



ORDERING INFORMATION^ 



J105 


TO-92 only 


J106 


TO-92 only 


J107 


TO-92 only 



*When ordering wafer/dice refer to Section 10, page 10-1. 

ELECTRICAL CHARACTERISTICS 

TEST CONDITIONS: 25°C unless otherwise noted 



SYMBOL 


PARAMETER 






J105 


J106 


J107 


UNIT 


TEST CONUiiiund 


MIN 


TYP 


MAX 


MiN 


TYP 


MAX 


MIN 


TYP 


MAX 


Igss 


Gate-Reverse Current 
(Note 1) 


VdS'OV, Vgs= -15V 






-3 






-3 






-3 


nA 


VGS(off) 


Gate-Source Cutoff Voltage 


VdS = 5V, lD = 1/LtA 


-4.5 




-10 


-2 




-6 


-0.5 




-4.5 


V 


BVqss 


Gate-Source Breakdown 
Voltage 


VdS = OV. Ig=-1mA 


-25 






-25 






-25 






loss 


Dram Saturation Current 
(Note 2) 


Vds = 15V, Vgs = ov 


500 






200 






100 






. mA 


!D(off) 


Drain Cutoff Current 
(Note 1) 


Vds = 5V, Vgs=-iov 






3 






3 






3 


nA 


•■DS(on) 


Dram source ON 
Resistance 


Vds ^ 0.1V, Vgs = ov 






3 






6 






8 


Q. 


Cdg(off) 


Drain Gate OFF 
Capacitance 


Vds = ov, 

Vgs="-10V 
(Note 3) 


f ==1MHz 






35 






35 






35 


PF 


Csg(off) 


Source Gate OFF 
Capacitance 






35 






35 






35 


Cdg(on) 

+ Csg(on) 


Dram Gate plus Source 
Gate ON Capacitance 


(Note 3) 

Vds = Vgs = ov 






160 






160 






160 


td(on) 


Turn On Delay Time 


Switching Time-Test 
Conditions (Note 3) 

JIO^ J106 J107 




15 






15 






15 




ns 


tr 


Rise Time 




20 






20 






20 




Vdd 1.5V 1.5V 1.5V 
VGS(off) -12V -7V -5V 


td(off) 


Turn Off Delay Time 




15 






15 






15 




tf 


Fail Time 


Rl 50Q. 


&ui-i bUi: 




20 






20 






20 





NOTES: 1 Approximately doubles for every 10°C increase in Ta- 

2. Pulse test duration = 300/is; duty cycle < 3%. 

3. For design reference only, not 100% tested. 



2-94 
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J111-J113 

N-Channel JFET Switch 



FEATURES 

• Low Cost 

• Automated Insertion Package 

• Low insertion Loss 

• No Offset or Error Voltage Generated By Closed 
Switch 

-Purely Resistive 

-High isolation Resistance From Driver 

• Fast Switching 

• Short Sample and Hold Aperture Time 



PIN CONFIGURATION 



TO-92 




ORDERING INFORMATION' 



TO-92 


WAFER 


DICE 


J111 


J111/W 


J111/D 


J112 


J112/W 


J112/D 


J113 


J113/W 


J113/D 



*When orcJering wafer/dice refer to Section 10, page 10-1. 

ELECTRICAL CHARACTERISTICS 

TEST CONDITIONS: 25°C unless otherwise noted 




APPLICATIONS 

• Analog Switches 

• Choppers 

• Commutators 



CHIP TOPOGRAPHY 

5001 



00135 FULL RADIUS 
00175 (DRAIN) 



1.0068 t^ 




NOTE. SUBSTRATE 
IS GATE 



0025 0029 

■ 0035 0026 

(SOURCE) 



ABSOLUTE MAXIMUM RATINGS 

(Ta = 25°C unless othenvise noted) 

Gate-Drain or Gate-Source Voltage - 35V 

Gate Current 50mA 

Storage Temperature Range - 55°C to + 1 50*^0 

Operating Temperature Range -55°C to +135°C 

Lead Temperature (Soldering, 1 0sec) + 300°C 

Power Dissipation 360mW 

Derate Above 25X 3.3mW/*'C 



SYMBOL 


PARAMETER 






Jill 


J112 


J113 


UNIT 


TEST CONuiiiuri£> 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


Igssr 


Gate Reverse Current 
(Note 1) 


Vds = OV, Vgs=-15V 






-1 






-1 






-1 


nA 


VGS(off) 


Gate Source Cutoff Voltage 


Vds = 5V, lD=1itiA 


-3 




-10 


-1 




-5 


-0.5 




-3 


V 


bvgss 


Gate Source Breakdown 
Voltage 


VdS = OV. Ig=-1/uA 


-35 






-35 






-35 






loss 


Dram Saturation Current 
(Note 2) 


Vds = 15V, Vgs = ov 


20 






5 






2 






mA 


!D(off) 


Dram Cutoff Current 
(Note 1) 


Vds = 5V, Vgs=-iov 






1 






1 






1 


nA 


rDS(on) 


Dram Source ON 
Resistance 


Vds = 0.1V, Vgs = ov 






30 






50 






100 


n 


Cdg(off) 


Dram Gate OFF 
Capacitance 


Vds = ov, 
Vgs=-iov 

(Note 3) 


f=1MHz 






5 






5 






5 


PF 


Csg(off) 


Source Gate OFF 
Capacitance 






5 






5 






5 


Cdg(on) 
Csg(on) 


Drain Gate Plus Source 
Gate ON Capacitance 


Vds = Vgs = o 

(Note 3) 






28 






28 






28 



u 
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^ jiii-jii3 



^ ELECTRICAL CHARACTERISTICS (CONT.) 



SYMBOL 


PARAMETER 


rksT CONDITIONS 


Jill 


J112 


J113 


UNIT 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


td(on) 


Turn On Delay Time 


Switching Time Test 
Conditions (Note 3) 

J111 J112 J113 




7 






7 






7 




ns 


tr 


Rise Time 




6 






6 






6 




td(off) 


Turn Off Delay Time 


Vdd 10V 10V 10V 

VGS(off) -12V -7V -5V 
Rl 0.8kni.6k^3.2kf2 




20 






20 






20 




tf 


Fall Time 


15 






15 






15 





NOTES: 1. Approximately doubles for every 10°C increase in Ta- 

2. Pulse Test duration SOOjus; duty cycle < 3%. 

3. For design reference only, not 100% tested. 
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J174-J177 

P-Channel JFET Switch 



FEATURES 

• Low Insertion Loss 

• No Offset or Error Generated By Closed Switch 
-Purely Resistive 

-HIgli Isolation Resistance From Driver 

• Short Sample and HpId Aperture Time 

• Fast Switching 




ORDERING INFORMATION* 



TO-92 



WAFER 



DICE 



J17X 



J17X/W 



J17X/D 



*When ordering wafer/dice refer to Section 10, page 10-1. 

ELECTRICAL CHARACTERISTICS 




APPLICATIONS 

• Analog Switches 

• Choppers 

• Commutators 



CHIP TOPOGRAPHY 


5508 




. 


.0035^ 0037 
^ .0025 .0027 


T 


mr 




I' 


ote 






n 




,0037 , .0036 oL 
.0027 0025 ^ 


Jj 




lU 




NOTE SUBSTRATE IS GATE 




CT00441I j 



ABSOLUTE MAXIMUM RATINGS 

(Ta = 25°C unless otherwise noted) 

Gate-Drain or Gate-Source Voltage 30V 

Gate Current 50mA 

Storage Temperature Range -55°C to +150''C 

Operating Temperature Range -55°C to +135°C 

Lead Tenn^erature (Soldering, 10sec) 300°C 

Power Dissipation 350mW 

Derate above 25°C 3.3mW/°C 



TEST CONDITIONS: 25°C unless othen/vise noted 




























SYMBOL 


PARAMETER 


TEST CONDITJONS 


J174 


J175 


J176 


J177 


UNIT 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


Iqss 


Gate Reverse Current 
(Note 1) 


Vps = 0, Vgs = 20V 






1 






1 






1 






1 


nA 


VGS(off) 


Gate Source Cutoff 
Voltage 


Vds = -15V, lD=-10nA 


5 




10 


3 




6 


1 




4 


0.8 




2.25 


V 


bvgss 


Gate Source 
BreakcJown Voltage 


VdS = 0, Ig = 1/liA 


30 






30 






30 






30 






loss 


Dram Saturation 
Current (Note 2) 


Vds=-15V. Vgs = 


-20 




-100 


-7 




-60 


-2 




-25 


-1.5 




-20 


mA 


iD(off) 


Dram Cutoff Current 
(Note 1) 


Vds = -15V, Vgs = 10V 






-1 






-1 






-1 






-1 


nA 


'■DS(on) 


Dram-Source ON 
Resistance 


Vgs = o. Vds = -0.1V 






85 






125 






250 






300 


a 


Cdg(off) 


Dram-Gate OFF 
Capacitance 


Vds = o, 
Vgs = 10V 


f=1MHz 
(Note 3) 




5.5 






55 






5.5 






5.5 




PF 


Csg(off) 


Source-Gate OFF 
Capacitance 




5.5 






5.5 






5.5 






5.5 




Cdg(on) 
Csg(on) 


Dram-Gate Plus Source 
Gate ON Capacitance 


Vds = Vgs = 




40 






40 






40 






40 





t 



•*4 
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S: J174-J177 

2 ELECTRICAL CHARACTERISTrCS (CONT.) 



SYMBOL 


PARAMETER 










J174 


J175 


J176 


J177 


UNIT 


TEST CuNUiiiuNd 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


td(on) 


Turn On Delay Time 


Switching Time Test Conditions 




2 






5 






15 






20 




ns 


tr 


Rise Time 


(Note 3) J 174 


J1/5 


ji/e 


J1/7 




5 






10 






20 






25 




Vdd -10V 
VGS(off) 12V 
Rl 560^ 
VGS(on) OV 


-6V 

8V 

12kf2 
OV 


-6V 
3V 

OV 


-6V 
3V 

OV 


td(off) 


Turn Off Delay Time 




5 






10 






15 






20 




tf 


Fall Time 




10 






20 






20 






25 





NOTES: 1 Approximately doubles for every 10°C increase in Ta- 

2. Pulse test duration -300jus; duty cycle < 3%. 

3. For design reference only, not 100% tested. 
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J201-J204 

N-Channel JFET 

General Purpose Amplifier 




FEATURES 

• High Input Impedance 

• Low less 



PIN CONFIGURATION 

TO-92 



CHIP TOPOGRAPHY 

5010 




NOTE SUBSTRATE IS GATE 



ORDERING INFORMATION* 



TO-92 


WAFER 


DICE 


J201 


J201/W 


J201/D 


J202 


J202/W 


J202/D 


J203 


J203/W 


J203/D 


J204 


J204/W 


J204/D 



*When ordering wafer/dice refer to Section 10, page 10-1. 

ELECTRICAL CHARACTERISTICS 

TEST CONDITIONS: 25"C unless otherwise noted 



ABSOLUTE MAXIMUM RATINGS 

(Ta = 25°C unless othenvise noted) 

Gate-Source or Gate-Drain Voltage - 40V 

Gate Current 50mA 

Storage Temperature Range - 55**C to +1 50*'C 

Operating Temperature Range -55**C to +135°C 

Lead Temperature (Soldering, 10sec) +300°C 

Power Dissipation 360mW 

Derate above 25°C 3.3mWrG 



SYMBOL 


PARAMETER 






J201 


J202 


J203 


J204 


UNIT 


TEST COhui 1 lunio 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


IGSS 


Gate Reverse Current 
(Note 1) 


VdS = 0, Vgs=-20V 






-100 






-100 






-100 






-100 


pA 


VGS(off) 


Gate-Source Cutoff 
Voltage 


Vds = 20V, lD = 10nA 


-0.3 




-1.5 


-0.8 




-40 


-2.0 




-10.0 


-0.3 




-2.0 


V 


BVdSS 


Gate-Source Breakdown 
Voltage 


Vds = o. Ig = 1mA 


-40 






-40 






-40 






-25 






loss 


Saturation Drain Current 
(Note 2) 


Vds = 20V, Vgs = 


0.2 




1.0 


0.9 




4.5 


4.0 




20 


0.2 


1.2 


3.0 


mA 


IG 


Gate Current (Note 1) 


Vdg = 20V, Id = 200iLtA 




-3.5 






-3.5 






-3.5 






-3.5 




pA 


gfs 


Common-Source Fonvard 
Transconductance (Note 2) 


Vds = 20V, 

Vgs = 


f=1kHz 


500 






1,000 






1.500 






500 


1,500 




MS 


gos 


Common Source Output 
Conductance 




1 






3.5 






10 






2.5 




Ciss 


Common-Source Input 
Capacitance 


f=1MHz 
(Note 3) 




4 






4 






4 






4 




PF 


Crss 


Common-Source Reverse 
Transfer Capacitance 




1 






1 






1 






1 




en 


Equivalent Short-Circuit 
Input Noise Voltage 


Vds = 10V. 

Vgs = 


f=1kHz 
(Note 3) 




5 






5 






5 






10 




nV 



NOTES: 1. Approximately doubles for every 10°C increase in Ta. 

2. Pulse test duration •= 2ms. 

3. For design reference only, not 100% tested. 



10 

o 
L 

s 
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i J308-a310 

3 N-Channe« JFET 

o High Frequency Amplifier 




FEATURES 

• Industry Standard Part in Low Cost Plastic 
Package 

• High Power Gain 

• Low Noise 

• Dynamic Range Greater Tlian lOOdB 

• Easily IMatched to 75^2 Input 



PIN CONFIGURATION 



TO-92 




ORDERING INFORMATION* 



TO-92 


WAFER 


DIPE 


J30X 


J30X/W 


J30X/D 



*When ordering wafer/dice refer to Section 10, page 10-1. 

ELECTRICAL CHARACTERISTICS 
TEST CONDITIONS: 25°C unless otherwise noted 



APPLICATIONS 

• VHF/UHF Amplifiers 

• Oscillators 

• Mixers 



CHIP TOPOGRAPHY 



5021 



0031 
0021 



1 



f 



)^ 



^ 




NOTE SUBSTRATE 
IS GATE 



TYP 0035 X 0035 

2 PLACES 0035 0025 
CT00461I 



ABSOLUTE MAXIMUM RATINGS 

(Ta = 25°C unless othen^/ise noted) 

Drain-Gate Voltage -25^ 

Drain-Source Voltage -25V 

Continuous Forward Gate Current - 1 0mA 

Storage Temperature Range -55°C to +150°C 

Operating Temperature Range ....-55°C to +135'*C 



Power Dissipation 360mW 

Derate above 25°C.. 3.27mW/^C 



SYIVIBOL 


PARAMETER 






J308 


J309 


J310 


UNIT 


TEST CONDi 1 iuns» 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


bvgss 


Gate-Source Breakdown 
Voltage 


Ig=-1mA. 
Vds = o 




-25 






-25 






-25 






V 


Iqss 


Gate Reverse Current 


Vgs=-15V, 

Vds = o 






-1.0 






-1.0 






-1.0 


nA 


|Ta = 125°C 






-1.0 






-1.0, 






-1.0 


mA 


VGS(off) 


Gate-Source Cutoff Voltage 


Vds = 10V, 
lD=1nA 


-1.0 




-6.5 


-1.0 




-4.0 


-2.0 




-6.5 


V 


loss 


Saturation Dram Current 
(Note 1) 


Vds=10V, 

Vgs = o 


12 




60 


12 




30 


24 




60 


mA 


VGS(f) 


Gate-Source Fonward 
Voltage 


Vds = o. 

lG = 1mA 






1.0 






1.0 






1.0 


V 


gfs 


Transconductance 


Vds = iov 

Id = 10mA 
(Note 2) 


f=1kHz 


8,000 




20,000 


10.000 




20,000 


8,000 




18,000 


MS 


Qos 


Common-Source Output 
Conductance 






200 






200 






200 


gta 


Common-Gate Forward 
Transconductance 




13,000 






13,000 






12.000 




gog 


Common Gate Output 
Conductance 




150 






150 






150 
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J308-J310 

ELECTRICAL CHARACTERISTICS (CONT.) 



SYMBOL 


PARAMETER 






J308 


J309 


J310 


UNIT 


TEST CONuiiiuNd 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


Cgd 


Gate-Drain Capacitance 


Vds = 10V. 

Vgs=-iov 


f=1MHz 
(Note 2) 




1.8 


2.5 




1.8 


2.5 




1.8 


2.5 


PF 


Cgs 


Gate-Source Capacitance 




4.3 


5.0 




4.3 


5.0 




4.3 


5.0 


en 


Equivalent Short-Circuit 
Input Noise Voltage 


Vds = iov. 

Id = 10mA 


f = 100Hz 
(Note 2) 




10 






10 






10 




nV 


Re(Vfs) 


Common-Source Fonward 
Transconductance 


Vds=iov, 

Id = 10mA 
(Note 2) 


f= 105MHz 




12 






12 






12 




MS 


Re(Vfg) 


Common-Gate Input 
Conductance 




14 






14 






14 




Re(v,s) 


Common-Source Input 
Conductance 




0.4 






0.4 






0.4 




Re(vos) 


Common-Source Output 
Conductance 




0.15 






0.15 






0.15 




Gpg 


Common-Gate Power Gam 
at Noise Match 




16 






16 






16 




dB 


NF 


Noise Figure 




1.5 






1.5 






1.5 




Gpg 


Common-Gate Power Gam 
at Noise Match 


f = 450MHz 




11 






11 






11 




NF 


Noise Figure 




2.7 






2.7 






2.7 





o 

o 

00 

L 



NOTES: 1. Pulse test PW 300/xs, duty cycle < 3%. 

2. For design reference only, not 100% tested. 




2-101 
Note: All typical values have been guaranteed by characterization and are not tested. 



< 
s 



LM114/H, LM114A/AH 

Dual NPN 

General Purpose Amplifier 




GENERAL DESCRIPTION 

These devices contain a pair of junction-isolated NPN 
transistors fabricated on a single silicon substrate. This 
monolithic structure makes possible extremely tight param- 
eter matching at low cost. Further, advanced processing 
techniques yield exceptionally high current gains at low 
collector currents, virtual elimination of "popcorn noise," 
low leakages and improved long-term stability. 

Although designed primarily for high breakdown voltage 
and exceptional DC characteristics, these transistors have 
surprisingly good high-frequency performance. The gain- 
bandwidth product is 300MHz with 1mA collector current 
and 5V collector-base voltage and 22MHz with 10/liA 
collector current. Typical collector-base capacitance is only 
1.6 pF at 5V. 



PIN CONFIGURATION 



TO-71 
TO-78 




ORDERING INFORMATION'' 



TO-71 


TO-78 


WAFER 


DICE 


LM114 


LM114H 


LM114/W 


LM114/D 


LM114A 


LM114AH 







*When ordering wafer/dice refer to Section 10, page 10-1. 



ELECTRICAL CHARACTERISTICS (note 2) 



FEATURES 

• Low Offset Voltage 

• Low Drift 

• High Current Gain 

• Tight Beta Match 

• High Breakdown Voltage 

• Matching Guaranteed Over A OV to 45V 
Collector-Base Voltage Range 

• CMRR>100dB 



CHIP TOPOGRAPHY 



4003 



COLLECTOR #1 - 




0045 , 
0035 ■ 



■0045 
0035 



COLLECTOR 

#2 TYP 2 PLACES 

0045 ^ 0045 

0035 0035 
BASE #2 TYP 2 PLACES 

0040 I 

0030 



- DIAMETER 



-EMITTER #2 0040 

TYP 2 PLACES 0030 

DIAMETER 
CT00351I 



ABSOLUTE MAXIMUM RATINGS 

(Ta = 25*^0 unless otherwise noted) 

Collector-Base Voltage (1) 45V 

Collector-Emitter Voltage (1) 45V 

Collector-Collector Voltage 45V 

Emitter-Base Voltage (1) 6V 

Collector Current (1) 20mA 

Storage Temperature Range -65X to +200°C 

Operating Temperature Range - 55°C to + 1 50*'C 

Lead . Temperature (Soldering, 1 0sec) + 300°C 

Power Dissipation (Tc = 25°C) 800mW 

Derate above 25**C 14mW/°C 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


MAXIMUM LIMITS 


UNIT 


LM114A, 
AH 


LM114, 
H 


VBE1-2 


Offset Voltage 


1iMA<lcS100MA 


0.5 


2.0 


mV 


lB-2 


Offset Current 


lc = 10|LtA 


2.0 


10 


nA 




Bias Current 


Ic = imA 


0.5 


40 


nA 


Ic=10mA 


20 


IC = 1/iA 


3.0 


avbe/v 


Offset Voltage Change 


OV<Vcb^VmAX. Ic=10mA 


0.2 


1.5 


mV 


AVbe/V 


Offset Current Change 


1.0 


4.0 


nA 
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LM114/H, LM114A/AH 

ELECTRICAL CHARACTERISTICS (CONT.) 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


MAXIMUM LIMITS 


UNIT 


LM114A, 
AH 


LM114, 
H 


AVbe/AT 

AIB1-2/AT 

AIb/AT 


Offset Voltage Drift 


-55*'C < Ta < + 125°C, Ic = 10/zA 


2.0 


10 


/uV/°C 


Offset Current 


12 


50 


nA 


Bias Current 


60 


150 


ICBO 


Collector-Base Leakage Current 


VcB = VmaX 


10 / 


50 


pA 
nA 


|Ta = 125°C (Note 3) 




10 


50 


ICEO 


Collector-Emittfer Leakage Current 


Vce = Vmax. Veb = OV 


50 


200 


pA 
nA 


|Ta=125°C (Note 3) 




50 


200 


IC1-C2 


Collector-Collector Leakage Current 


Vcc = Vmax 


100 


300 


pA 
nA 


|Ta = 125X (Note 3) 




100 


300 



NOTES: 1: Per transistor. 

2: These specif ications apply for Ta= +25°C and OV < Vce ^ Vmax. unless otherwise specified. For the LM114 and LM114A, 

Vmax = 30V. 
3. For design reference only, not 100% tested. 



s 



> 

z 
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I MI16 

^ Diode Protected N-Channel 
Enhancement Mode MOSFET 
General Purpose Amplifier 




FEATURES 

• Log Igss 

• Integrated Zener Clamp for Gate Protection 



PIN CONFIGURATION 




ORDERING INFORMATION* 



TO-72 


WAFER 


DICE 


M116 


M116/W 


M116/D 



*When ordering wafer/dice refer to Section 10, page 10-1. 



DEVICE SCHEMATIC 



L. 



CHIP TOPOGRAPHY 

1003 

0025 „ 0029 


Q 0025 „ 0029 
" 0035 0039 

n 0030 0028 
.0040 0038 

CT00451I 






T 

016 


Tm 


^^ X 0029 s-^NOTE SUBSTRATE^ 
0040 0039 IS BODY 



ABSOLUTE MAXIMUM RATINGS 

(Ta = 25°C unless otherwise noted) 

Drain to Source Voltage 30V 

Gate to Drain Voltage 30V 

Drain Current 50mA 

Gate Zener Current ±0.1mA 

Storage Temperature Range -SS^'C to +200°C 

Operating Temperature Range -55°C to +150°C 

Lead Temperature (Soldering, 10sec) +300°C 

Power Dissipation 225mW 

Derate above 25^C... 2.2mW/°C 



ELECTRICAL CHARACTERISTICS (25°C unless othenA^ise noted, Vbs = 0) 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


M116 


UNIT 


MIN 


MAX 


'■DS(on) 


Dram Source ON Resistance 


Vgs = 20V, Id = lOOjuA. Vbs = o 




100 


n 


Vgs = 10V, Id = loOjuA, Vbs = o 


200 


VGS(th) 


Gate Threshold Voltage 


Vgs = Vds. Id = iomA, Vbs = 


1 


5 


V 


bvdss 


Dram-Source Breakdown Voltage 


iD-ijoiA, Vgs = Vbs = 


30 




BVsDS 


Source-Dram Breakdown Voltage 


Is=1mA, Vgd = Vbd = 


30 




bvgbs 


Gate-Body Breakdown Voltage 


lG = 10iiiA, Vsb = Vdb = 


30 


60 


Id(OFF) 


Dram Cutoff Current 


Vds = 20V, Vgs = Vbs = o 




10 


nA 


IS(OFF) 


Source Cutoff Current 


VsD = 20V, Vgd = Vbd = 




10 


Igss 


Gate-Body Leakage 


Vgs = 20V, Vds = Vbs = o 




100 


pA 


Cgs 


Gate-Source (Note 1) 


VgB = Vdb = Vsb = 0, f=1MHz 
Body Guarded 




2.5 


PF 


Cgd 


Gate-Dram Capacitance (Note 1) 




2.5 


Cdb 


Drain-Body Capacitance (Note 1) 


VgB = 0, Vdb = 10V, f=1MHz 




7 


Ciss ' 


Input Capacitance (Note 1) 


Vgb = 0, Vdb = 10V, Vbs = 0, f = 1 MHz 




10 



NOTE 1: For design reference only, not 100% tested. 
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U200-PU202 

N-Channel JFET Switch 



FEATURES 

• Low Insertion Loss 

• Good OFF Isolation 




APPLICATIONS 

• Analog Switches 

• Commutators 

• Choppers 



PIN CONFIGURATION 



TO-18 




CHIP TOPOGRAPHY 



5001 



00135 FULL RADIUS 0O66 
6oT75 (DRAIN) -*' 



"\ """I 0072 I NOTE SUBSTRATE 
" VH \ 1 GATE 




. 0045 ^ 0036 
0035 0026 

(SOURCE) 



ORDERING INFORMATION* 



TO-18 


WAFER 


DICE 


U200 


U200/W 


U200/D 


U201 


U201/W 


U201/D 


U202 


U202/W 


U202/D 



*When ordering wafer/dice refer to Seotion 10, page 10-1. 



ABSOLUTE MAXIMUM RATINGS 

(Ta = 25°C unless otherwise noted) 

Gate-Drain or Gate-Source Voltage -30V 

Gate Current 50mA 

Storage Temperature Range -65°C to +200°C 

Operating Temperature Range -55°C to + 1 50°C 

Lead Temperature (Soldering, 10sec) +300°G 

Total Device Dissipation (Tc = 25°C) 1 .8W 

Derate above 25°C lOmWrC 




ELECTRICAL CHARACTERISTICS (25''C unless othenvlse noted) 



SYMBOL 


PARAMETER 






U200 


U201 


U202 


UNIT 


TEST CONDniuiMS> 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


Igss 


Gate Reverse Current 


Vgss = 20V. Vds = 




-1 




-1 




-ii 


nA 


[Ta^ISO'^C 




-1 




-1 




-1 


pA 


bvgss 


Gate-Source Breakdown Voltage 


Ig = -imA, Vds = 


-30 




-30 




-30 




V 


VGS(off) 


Gate-Source Cutoff Voltage 


Vds = 20V, lD=10nA 


-0.5 


-3 


-1.5 


-5 


-3.5 


-10 


iD(off) 


Dram Cutoff Current 


Vds = 10V. Vgs=-12V 




1 




'"1 




1 


nA 


|Ta = 150X 




1 




1 




1 . 


mA 


loss 


Saturation Drain Current (Note 1) 


Vds = 20V. Vgs = o 


3 


25 


15 


75 


30 


150 


mA 


TdsCon) 


Drain-Source ON Resistance 


Vgs = o. Id = 


f = 1kHz 




150 




75 




50 


ohm 


C,ss 


Common-Source Input 
Capacitance (Note 2) 


Vds = 20V, Vgs = o 


f=1MH2 




30 




30 




30 


PF 


Cr^s 


Common-Source Reverse 
Transfer Capacitance (Note 2) 


Vds = o, 
Vgs =- 12V 




8 




8 




8 



NOTES: 



1: Pulse test required, puls^width = 300jus, duty cycle < 3%. 
2. For design reference only, not 100% tested. 



2-105 
Note: All typical values have been guaranteed by characterization and are not tested. 



10 

D 
4 



Dual N^hahiiel JFEt 
General Purpose Amplifier 

FEATURES 

• Good Matching Characteristics 




EI^'' 



APPLICATIONS 

• Differential Amplifiers 

• Low and IMedium Frequency Amplifiers 



PIN CONFIGURATION 

T0.71 




CHIP TOPOGRAPHY 

6037 






ALL BOND MDS ARE 4 x 4 MIL 
CT00481I 



ORDERING INFORMATION* 



tp-71 


WAFER 


DICE 


U23X 


U23X/W 


U23X/D 



*When ordering wafer/dice refer to Section 10, page 10-1. 

ELECTRICAL CHARACTERISTICS 

TEST CONDITIONS: as^'C unless otherwise noted. 



ABSOLUTE MAXIMUM RATINGS 

(Ta = 25°C unless othenA^ise noted) 

Gate-Source or Gate-Drain Voltage (Note 1)........ -50V 

Gate Current (Note 1) : 50mA 

Storage Temperature Range ,.,.-65°C to +200°C 

Operating Temperature Range - 55°G to + 200°C 

Lead Temperature (Soldering. 1 0sec) + 300°C 

Power Dissipation ^ 300mW 

Derate above 25°C.. .1.7mWrC 



SYMBOL 







TEST CONDITIONS 


LIMITS 


UNIT 


I^ARAMETtiK 


MIN 


MAX 


•gss 


Gate Reverse Current 




Vgs=-30V, yDs = o 




-100 


pA 


Ta*150X 




-500 


nA 


bvgss 


Gate-Source Breakdown Voltage 


Ig = 1mA. Vds = 


-50 


' 


V 


VGS(off) 


Gate-Source Cutoff Voltage 


Vds = 20V, rD=1nA 


-0.5 


-4.5 


vgs 


Gate-Source Voltage 


-0.3 


-4.0 


IG 




Vdg = 20V, Id = 200iLtA 




-50 


pA 


Gate Operating Current 












Ta-125°C 




-250 


nA 


bss 


Saturation Drain Current (Note 2) 


Vds ^ 20V. Vgs = 


0.5 


5.0 


mA 


gts 


Common-Source Fonward Transconductance 
(Note 1) 


Vds = 20V, Vgs'O 


f=1kH2 


1000 


3000 


MS 


f= 100MHz 
(Note 4) 


1000 




gfs 


Common-Source Fonward Transconductance 
(Note 1) 


Vdg = 20V, Id = 200mA 


f = 1kHz 


600 


1600 


gos 


Common-Source Output Capacitance 


Vds=20V, Vgs = o 




35 


gos 


Common-Source Output Conductance 


Vdg = 20V. Id = 200ma 




10 


Ciss 


Common-Source Input Capacitance 


Vds = 20V, Vgs = o 

(Note 4) 


f=1MHz 




6 


PF 


Crss 






2 


e^ 


Equivalent Short Circuit Input Noise Voltage 


f= 100Hz 




80 


nV 
VHi 
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U231-U235 

ELECTRICAL CHARACTERISTICS (CONT.) 



SYMBOL 


MATCHING CHARACTERISTICS 


TEST CONDITIONS 


U231 
MAX 


U232 
MAX 


U233 
MAX 


U234 
MAX 


U235 
MAX 


UNIT 


llG1 -lG2l 


Differential Gate Current (Note 4) 


Vdg = 20V, Id = 200mA | 125°C 


10 


10 


10 


10 


10 


nA 


(Idssi-Idss2) 
Idssi 


Saturation Drain Current 
Match (Note 2, 4) 


Vds = 20V. Vgs = 


5 


5 


5 


10 


15 


% 


IVGS1-VGS2I 


Differential Gate-Source Voltage 


Vdg = 20V, Id = 200mA 


Ta = 25X 


5 


10 


15 


20 


25 


mV 


AIVGS1-VGS2I 

AT 


Gate-Source Voltage 
Differential Drift (Note 3) 


Ta = 25»C 
Tb = 125''C 


10 


25 


50 


75 


100 


juV/'C 


Ta=-55°C 
Tb = 25°C 


10 


25 


50 


75 


100 


(gfsi-gfs2) 
gfsi 


Transconductance Match (Note 2) 


f=1kHz 


3 


5 


5 


10 


15 


% 


igosi-gos2i 




5 


'5 


5 


5 


5 


MS 



g 

■ft 
I 

C 
M 
Q 



NOTES: 1. Per transistor. 

2. Pulse test required, pulse width = 300/Lts, duty cycle < 3%. 

3. Measured at end points, Ta ^nd Tb 

4. For design reference only, not 100% tested. 
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U257 

Dual N-Channel JFET 
High Frequency Amplifier 




^ 



FEATURES 

* gfs > SOOOais From DC t6 100MHz 

• Matched Vgs. 9fs and gos 



PIN CONFIGURATION 



TO-99 




CHIP TOPOGRAPHY 



« 



6022 

_r 0037 y 0037 
^ 0027 0027 
(TYP 2 PLACES) 

-Di 0037 0037 
.0027 0027 
(TYP 2 PLACES) 

-Si 0037 0037 
0027 0037 
(TYP 2 PLACES) 



ORDERING INFORMATION* 



TO-99 


WAFER 


DICE 


U257 


U257/W 


U257/D 



*When ordering wafer/dice refer to Section 10, page 10-1. 

ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 



ABSOLUTE MAXIMUM RATINGS 

(Ta = 25°C unless otherwise noted) 

Gate-Drain or Gate-Source Voltage (Note 1) -25V 

Gate Current (Note 1) 50mA 

Storage Temperature Range - 65°C to + 200°C 

Operating Temperature Range - 55°C to + 1 50°C 

Lead Temperature (Soldering, 10sec) +300°C 

ONE SIDE BOTH SIDES 

Power Dissipation 

(Ta = 85°C) 250mW SOOmW 

Derate above 25*'C 3.8mW/"C 7.7mW/°C 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN 


MAX 


UNIT 


Igssr 


fifltA RevArsA H^irrfint 


VgS=15V. yDs = o 




-100 


pA 


|Ta=150X 




-250 


nA 


bvgss 


Gate-Source Breakdown Voltage 


lG=-1iuA. Vds = 


-25 




V 


VGS(off) 


Gate-Source Cutoff Voltage 


Vds = 10V, lD=1nA 


-1 


-5 


loss 


Saturation Drain Current (Note 2) 


Vds=10V, Vgs = 


5 


40 


mA 


gfs 


Common-Source Fonward Transconductance 


Vds = 10V. Id = 5mA 


f=1kHz 


5000 


10,000 


MS 


gfs 


Common-Source Fonward Transconductance 


Vdg = 10V, Id = 5mA 


f= 100MHz (Note 3) 


5000 


10,000 


gos 


Common-Source Output Conductance 


Vds*10V, Id = 5mA 


f=1kHz 




150 


goss 


Common-Source Output Conductance 


Vdg = 10V, Id = 5mA 
(Note 3) 


f= 100MHz 




150 


C,ss 


Common-Source Input Capacitance 


f = 1MHz" 




5 


PF 


Crss 


Common-Source Reverse Transfer Capacitance 




1.2 


e^ 


Equivalent Input Noise Voltage 


f= 10kHz 




30 


nV 


Idssi 

IdSS2 


Drain Current Ratio at Zero Gate Voltage 
(Note 2) 


Vds = 10V. Vqs = 


0.85 


1 




Ivgsi-Vgs2I 


Differential Gate-Source Voltage 


Vdg = 10V, Id = 5mA 






100 


mV 


gfs2 
gfs2 


Transconductance Ratio 


f=1kHz 


0.85 


1 




lgosi-gos2l 


Differential Output Conductance 




20 


MS 



NOTES: 1. Per transistor. 

2. Pulse test required, pulse width = 300/Lts, duty cycle < 3%. 

3. For design reference only, not 100% tested. 
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U304-U306 

P-Channel JFET Switch 



FEATURES 

• Low ON Resistance 

• lD(oH)<500pA 

• Switches directly from TTL Logic (U306) 




^ 



APPLICATIONS 

• Analog Switches 

• Commutators 

• Choppers 



PIN CONFIGURATION 



TO-18 




CHIP TOPOGRAPHY 



5508 



0037 ( 0939) 
0027 ( 0685) 



S 0035(0889) 
0025 ( 0635) 



0037 ( 0939) 
0027 ( 0685) 



NOTE SUBSTRATE IS GATE 



ORDERING INFORMATION* 



TO-18 


WAFER 


DiCE 


U304 


U304/W 


U304/D 


U305 


U305/W 


U305/D 


U306 


U306/W 


U306/D 



ABSOLUTE MAXIMUM RATINGS 

(Ta = 25°C unless otherwise noted) 

Gate-Drain or Gate-Source Voltage (Note 1) 30V 

Gate Current 50mA 

Storage Temperature Range - 65°C to + 200°C 

Operating Temperature Range - 55°C to + 1 50°C 

Lead Temperature (Soldering, 10sec) 300**C 

Power Dissipation 350mW 

Derate above 25°C 2.8mW/X 



*When ordering wafer/dice refer to Section 10, page 10-1. 

ELECTRICAL CHARACTERISTICS 

TEST CONDITIONS: 25°C unless otherwise noted. 



SYIVIBOL 


PARAIVIETER 






U304 


U305 


U306 


UNiT 


TEST CONDITiUNb 


Mm 


MAX 


Mm 


MAX 


MIN 


MAX 


Igssr 


Gate Reverse Current 


Vgs = 20V, Vds = o 




500 




500 




500 


pA 


|Ta=150X 




1.0 




10 




1.0 


HA 


bvgss 


Gate-Source Breakdown Voltage 


lG = 1iuA, Vds = 


30 




30 




30 




V 


VGS(off) 


Gate-Source Cutoff Voltage 


Vds= -15V, Id= -ImA 


5 


10 


3 


6 


1 


4 


VDS(on) 


Dram-Source ON Voltage 


Vgs = 0, Id = -15mA (U304). 
Id = -7mA (U305), 
Id= -3mA (U306) 




-1.3 




-0.8 




-0.6 


loss 


Saturation Dram Current (Note 1) 


Vds = -15V, Vgs = o 


-30 


-90 


-15 


-60 


-5 


-25 


mA 


iD(off) 


Drain Ciitnff Hfirrfint 


Vds = -15V, Vgs = 12V (U304) 

Vgs = 7V (U305) 
Vgs = 5V (U306) 




-500 




-500 




-500 


pA 
IxA 


|Ta = 150°C 




-1.0 




-1.0 




-1.0 


'■DS(on) 


static Dram-Source ON Resistance 


•Vgs = OV, Id = -1mA 




85 




110 




175 


Q, 


rdslon) 


Dram-Source ON Resistance 


Vgs = ov, Id = 


f = 11<Hz 




85 




110 




175 


n 


Ciss 


Common-Source Input Capacitance 
(Note 2) 


Vds = -15V, 
Vgs = o 


f=1MHz 




27 




27 




27 


PF 


Crss 


Common-Source Reverse Transfer 
Capacitance (Note 2) 


Vds = o, Vgs = 12V 

(U304) 
Vgs = 7V 
(U305). 
Vgs = 5V 
(U306) 




7 




7 




7 



c 

? 

c 

s 
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s 

3 
I 

O 



U304-U3Q6 

ELECTRICAL CHARACTERISTICS (CONT.) 



SYMBOL 


PARAMETER 










U304 


U305 


U306 


UNIT 


TEbi v^UNui 1 lUNd 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


td(on) 


Tum-ON Delay Time (Note 2) 




U304 


U305 


U306 




20 




25 




25 


ns 


Vdd 


-10V 


-6V 


-6V 


tr 


Rise Time (Note 2) 




15 




25 




35 


VGS(off) 


12V 


7V 


5V 


td(off) 


Turn-OFF Delay Time (Note 2) 


Rl 


580n 


743^ 


1800^ 




10 




15 




20 


tf 


Fall Time (Note 2) 


VGS(on) 













25 




40 




60 


iD(on) 


-15mA 


-7mA 


-3mA 



NOTES: 1. f^ulse test pulsewidth = 300jus, duty cycle < 3%. 
2. For design reference only, not 100% tested. 
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U308-U310 

N-Channel JFET 

High Frequency Amplifier 




:<si 



c 

f 

c 





FEATURES 

• High Power Gain 

• Low Noise 

• Dynamic Range Greater Than lOOdB 

• Easily Matched to 75^ Input 



PIN CONFIGURATIONS 

TO-52 




ORDERING INFORMATION' 



TO-52 


WAFER 


DICE 


U308 


U308/W 


U308/D 


U309 


U309/W 


U309/D 


U310 


U310/W 


U310/D 



CHIP TOPOGRAPHY 



'^iBWrii'*'"" I 



r^ 



NOTE SUBSTRATE TYP 0035 0035 

IS GATE 2 PLACES 0035 ^ 0025 

CT00501I 



ABSOLUTE MAXIMUM RATINGS 

(Ta = 25°C unless otherwise noted) 

Gate-Drain or Gate-Source Voltage - 25V 

Gate Current , 20mA 

Storage Temperature -65°C to +200X 

Operating Temperature Range ...-55°C to +150°C 

Lead Temperature (Soldering, 10sec) +300°C 

Power Dissipation 500mW 

Derate above 25X 4mW/°C 



*When ordering wafer/dice refer to Section 10, page 10-1 

ELECTRICAL CHARACTERISTICS (25°C unless othen/vise noted) 



SYMBOL 


PARAMETER 






U308 


U309 


U310 


UNIT 


TEST CONui 1 iuiH5> 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


Igss 


Gate Reverse Current 


Vgs=-15V 

Vgs = o 






-150 






-150 






-150 


pA 






-150 






-150 






-150 


nA 


|Ta=125»C 


bvgss 


Gate-Source Breakdown 
Voltage 


!G--1iuA. Vds = 


-25 






-25 






-25 






V 


VGS(off) 


Gate-Source Cutoff Voltage 


VdS=10V, lD = 1nA 


-1.0 




-6.0 


-1.0 




-4.0 


-2.5 




-6.0 


bss 


Saturation Dram Current 
(Note 1) 


Vds=10V, Vgs = 


12 




60 


12 




30 


24 




60 


mA 


VGS(f) 


Gate-Source Forward 
Voltage 


lG = 10mA, Vds = 






1.0 






1.0 






1.0 


V 


Qfg 


Corr^mon-Gate Forward 
Transconductance (Note 1) 


Vds=10V, 
Id = 10mA 


f=1kHz 


10 


17 




10 


17 




10 


17 




US 


gogs 


Common Gate Output 
Conductance 






250 






250 






250 


jus 


Cgd 


Dram-Gate Capacitance 


Vgs= -10V. 
Vds=10V 


f = 1MHz 
(Note 2) 






2.5 






2.5 






2.5 


PF 


Cgs 


Gate-Source Capacitance 






5.0 






5.0 






50 


in 


Equivalent Short Circuit 
Input Noise Voltage 


Vds = 10V, 
Id = 10mA 


f = 100Hz 
(Note 2) 




10 






10 






10 




nV 
VHz 
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CO 

? 

€9 
O 
CO 

D 



U^08-U310 



ELECTRICS 


XL CHARACTERISTICS (CONT.) 






















SYMBOL 


PARAMETER 


TEST CONDITIONS 


U308 


U309 


U310 


UNIT 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


gfg 


Common-Gate Forward 
Transconductance 


Vds = 10V. 
Id = 10mA 

(Note 2) 


f = 100MHz 




15 






15 






15 




MS 


f = 450MHz 




14 






14 






14 




gogs 


Common-Gate Output 
Conductance 


f= 100MHz 




018 






0.18 






0.18 




f = 450MHz 




0.32 






0.32 






0.32 




Gpg 


Comnrion-Gate Power Gam 


f= 100MHz 


14 


16 




14 


16 




14 


16 




dB 


f = 450MHz 


10 


11 




10 


11 




10 


11 




NF 


Noise Figure 


f= 100MHz 




1.5 


2.0 




1.5 


2.0 




1.5 


2.0 


f = 450MHz 




27 


3.5 




2.7 


3.5 




2.7 


35 



NOTES: 1 . Pulse test duration = 2ms. 

2. For design reference only, not 100% tested. 
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U401-U406 

Dual N-Channel JFET Switch 

FEATURES 

• Minimum System Error and Calibration 

• Low Drift With Temperature 

• Operates From Low Power Suppiy Voitages 

• High Output Impedance 




PIN CONFIGURATION 



TO-71 




CHIP TOPOGRAPHY 



6037 



Wi 



ALL BOND PADS ARE 4x4 MIL. 

CT00071I 



ORDERING INFORMATION* 



TO-71 


WAFER 


DICE 


U40X ~ 


U40X/W 


U40X/D 



*When ordering wafer/dice refer to Section 10, page 10-1. 

ELECTRICAL CHARACTERISTICS 

TEST CONDITIONS: 25°C unless otherwise noted. 



ABSOLUTE MAXIMUM RATINGS 

(Ta = 25°C unless othenvise noted) 

Gate-Drain or Gate-Source Voltage 50V 

Gate Current (Note 1) 10mA 

Storage Temperature Range - 65*C to + 200*'C 

Operating Temperature Range - SS^'C to + 1 50°C 

Lead Temperature (Soldering, 10sec) +300°C 

ONE SIDE BOTH SIDES 

Power Dissipation (Ta = 85°C).... 300mW SOOmW 

Derate above 25°C 2.6mW/°C 5mWrC 



SYMBOL 


PARAMETER 






U401 


U402 


U403 


U404 


U405 


U406 


UNIT 


TEST COriui i lund 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


bvgss 


Gate-Source Breakdown 
Voltage 


VdS = 0, lG=-1iuA 


-50 




-50 




-50 




-50 




-50 




-50 




V 


'gss 


Gate Reverse Current 
(Note 2) 


VdS = 0. Vgs=-30V 




-25 




-25 




-25 




-25 




-25 




-25 


pA 


VGS(off) 


Gate-Source Cutoff Voltage 


Vds = 15V, lD = 1nA 


-.5 


-2.5 


- 5 


-2.5 


-.5 


-2.5 


-.5 


-2.5 


-.5 


-2.5 


-.5 


-2.5 


V 


VGS(on) 


Gate-Source Voltage (on) 


VdG = 15V, lD = 200AtA 




-2.3 




-2.3 




-2.3 




-2.3 




-2.3 




-2.3 


'dss 


Saturation Dram Current 
(Note 3) 


Vds = 10V, Vgs = o 


0.5 


10.0 


0.5 


10.0 


0.5 


100 


0.5 


10.0 


0.5 


10.0 


0.5 


10.0 


mA 


IG 


Operating Gate Current 


Vdg = 15V, Id = 200mA 




-15 




-15 




-15 




-15 




-15 




-15 


pA 


(Note 2) |Ta=125X 




-10 




-10 




-10 




-10 




-10 




-10 


nA 


BVG1-G2 


Gate-Gate Breakdown 
Voltage 


Vds = o. Vgs = o, 
Ig = ±imA 


±50 




±50 




±50 




±50 




±50 




±50 




V 


gfs 


Common-Source Forward 
Transconductance (Note 3) 


Vds = 10V. 

Vgs = o 


f = 1kHz 


2000 


7000 


2000 


7000 


2000 


7000 


2000 


7000 


2000 


7000 


2000 


7000 


MS 


gos 


Common-Source Output 
Conductance 




20 




20 




20 




20 




20 




20 


gfs 


Common-Source Forward 
Transconductance 


Vdg = 15V. 
Id = 200mA 


f=1kHz 


1000 


1600 


1000 


1600 


1000 


1600 


1000 


1600 


1000 


1600 


1000 


1600 


gos 


Common-Source Output 
Conductance 




2.0 




2.0 




2.0 




20 




2.0 




2.0 


C,ss 


Common-Source Input 
Capacitance (Note 6) 


f = 1MHz 




8.0 




8.0 




8.0 




8.0 




8.0 




8.0 


PF 


Crss 


Common-Source Reverse 
Transfer Capacitance 
(Note 6) 




3.0 




3.0 




3.0 




3.0 




3.0 




3.0 



I 

c 

s 
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I U401^lj406 



J ELECTRICAL CHARACTERISTICS (CONT.) 



9 



SYMBOL 


PARAMETER 






U401 


U402 


U403 


U404 


U405 


U406 


UNIT 


TEST COnuiiiuPid 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


en 


Equivalent Short-Circuit 
Input Noise Voltage 


Vds = 15V, 
Vgs = 


f =10Hz 
(Note 6) 




20 




20 




20 




20 




20 




20 


nV 
VHi 


CMRR 


Common-Mode Rejection 
Ratio 


Vdg = 10 to 20V. 

Id = 200mA (Note 5. 6) 


95 




95 




95 




95 




90 








dB 


IVGSI-VGS2I 


Differential Gate-Source 
Voltage 


Vdg = 10V, Id = 200/uA 




5 




10 




10 




15 




20 




40 


mV 


^Ivgsi-Vgs2I 
AT 


Gate-Source Voltage 
Differential Drift (N0te 4) 


Vdg = 10V, 

Id = 200mA 


Ta=-55°C. 
Tb= +25°C. 
TC= +125°C 




10 




10 




25 




25 




40 




80 


fiV/X 



NOTES: 1. Per transistor. 

2. Approximately doubles for every 10'C increase in T^. 

3. Pulse test duration = 300/is; duty cycle < 3%. 

4. Measured at end points, Ta, Tb. Tq. 



5. CMRR =20 logio 



AlVGSi^VGSaJ 



. AVdd = 10V. 



6. For design reference only, not 100% tested. 
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U1897-U1899 

N-Channel JFET Switch 



FEATURES 

• Low Insertion Loss 

• No Error or Offset Voltage Generated By Closed 
Switch 




APPLICATIONS 

• Analog Switches, Choppers 



PIN CONFIGURATION 

TO-92 




CHIP TOPOGRAPHY 



5001 



00135 FULL RADIUS 
00175 (DRAIN) 



-J 0068,,- 



NOTE. SUBSTRATE 
IS GATE 



.0025 „ 0029 

■ 0035 0026 

(SOURCE) 




ORDERING INFORMATION* 



TO-92 


TO-92-18 


WAFER 


DICE 


U1897 


U1 897-1 8 


U1897/W 


U1897/D 


U1898 


U 1898-1 8 


U1898/W 


U1898/D 


U1899 


U1 899-1 8 


U1899/W 


U1899/D 



*When ordering wafer/dice refer to Section 10, page 10-1. 

ELECTRICAL CHARACTERISTICS 

TEST CONDITIONS: 25°C unless otherwise noted 



ABSOLUTE MAXIMUM RATINGS 

(Ta = 25'*C unless othenA^ise noted) 

Gate-Drain or Gate-Source Voltage - 40V 

Forward Gate Current 10mA 

Storage Temperature Range - 55°C to + 1 SO^C 

Operating Temperature Range -55°C to +135X 

Lead Temperature (Soldering, lOsec) +300**C 

Power Dissipation 350mW 

Derate above 25°C 3.2mW/°C 



SYMBOL 










U1897 


U1898 


U1899 


UNIT 


PARAIMETEh 


TEST C0NDITiuri5» 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


bvgss 


Gate-Source Breakdown Voltage 


Ig = -imA. Vds = 


-40 




-40 




-40 




V 


Igss 


Gate Reverse Current 


Vgs=-20V, Vds = 




-400 




-400 




-400 


pA 


Idgo 


Drain-Gate Leakage Current 


Vdg = 20V, Is = 




200 




200 




200 


ISGO. 


Source-Gate Leakage Current 


VsG = 20V, Id = 




200 




200 




200 


'D(off) 


Drain Cutoff Current 




Vds = 20V. 

Vgs=-12V (U1897) 

Vgs=-8V (U1898) 
Vgs=-6V (U1899) 




200 




200 




200 




Ta = 85X 




10 




10 




10 


nA 


VGS(off) 


Gate-Source Cutoff Voltage 


Vds = 20V, lD = 1nA 


-5.0 


-10 


-2.0 


-7.0- 


-1.0 


-5.0 


V 


loss 


Saturation Drain Current (Note 1) 


Vds = 20V. Vgs = o 


30 




15 




8.0 




mA 


VDS(on) 


Drain-Source ON Voltage 


Vgs = 0. Id = 6.6mA (U1897) 
Id = 4.0mA (U1898) 
Id = 2.5mA (U1899) 




0.2 




0.2 




0.2 


V 


roSCon) 


Static Drain-Source ON Resistance 


Id = 1mA Vgs = 




30 




50 




80 


n 


Cdg 


Dram-Gate Capacitance 


Vdg = 20V, Is = 


f = 1MHz 
(Note 2) 




5 




5 




5 


PF 


Csg 


Source-Gate Capacitance 


VsG = 20V, Id = 




5 




5 




5 


C.SS 


Common-Source Input Capacitance 


Vds = 20V, Vgs = o 




16 




16 




16 


Crss 


Common-Source Reverse Transfer 
Capacitance 




3.5 




3.5 




3.5 



00 

I 

c 

00 
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S l|1897'^U1^99 



CO 

s; 

CQ 



ELECTRICAL CHARACTERISTICS (CONT.) 
















SYMBOL 


PARAMETEF^ 


TEST CONOmONS 


U1897 


U1898 


U1899 


UNIT 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


td(on) 


Turn ON Delay Time (Note 2) 


Switching Time Test Conditions 
U1897 U1898 U1899 
Vdd 3V 3V 3V 
VGS(on) 
VGS(ofO -12V -8V -6V 
Rl 425J2 770n 1120^2 
iD(on) 6.6mA, 4mA 2.5mA 




15 




15 




20 


ns 


tr 


Rise Time (Note 2) 




10 




20 




40 


toff 


Turn OFF Time (Note 2) 




40 




60 




80 



NOTES: 



1. Pulse test pulsewidth = 300ius; duty cycle < 3%. 

2. For design reference only, not 100% tested. 
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VCR2N/3P/4N/7N 

Voltage Controlled Resistors 




APPLICATIONS 

• Small Signal Attenuators 

• Filters 

• Amplifier Gain Control 

• Oscillator Amplitude Control 



PIN CONFIGURATIONS 

TO-18 TO-71 







ORDERING INFORMATION* 



TO-18 


TO-72 


WAFER 


DICE 


VCR2N 


— 


VCR2N/W 


VCR2N/D 


VCR4N 


— 


VCR4N/W 


VCR4N/D 


— 


VCR3P 


VCR3P/W 


VCR3P/D 


— 


VCR7N 


VCR7N/W 


VCR7N/D 



*When ordering wafer/dice refer to Section 10, page 10-1. 



CHIP TOPOGRAPHY 



< 
o 

39 
10 



% 



VCR2N 
5001 



00135 FULL RADIUS 0066 

OOT75(DRAIN) X'^^OOTatexP- 



NOTE: SUBSTRATE IS 
GATE 




VCR7N 
5007 



,0060 
0062*'^'^' 

SOURCE — 



-H(3)ir-- 






0025 0025 

0035 0035 



\ 



.015 

NOTE 
SUBSTRATE 
IS GATE 



■0013 , 



0Q25_ , _0026 '^,^ ^:^ FULL R 

0035 0035 ""'^"^ ^^^ 

CT00690I 

VCR3P 
5508 



0037 0035 
0027 0025 



r 

.016 



iir 



0035 0037 

0025 0027 



NOTE SUBSTRATE 
IS GATE 



VCR4N 
5010 {4N) 

D(2) 



0025 „ .0025 
0035 0035 ■" 



I 






0046 
0050 



NOTE SUBSTRATE 
IS GATE 



VCR11N 
6019 




^ 0035 y .0080 

>- S, 0025 0070 

TYP 2 PLACES 

.0037! 0037 
.0027 .0027 
TYP 2 PLACES 



.0035 0035 
0025 0025 
TYP 2 PLACES 
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I 

I 

o 

> 



VC|l^N/3P/4H/7N 

ABSOLUTE MAXIMUM RATINGS 

(Ta = 25°C unless otherwise noted) 

Gate-Drain or Gate-Source Voltage 15V 

Gate Current 10mA 

Storage Temperature Range -65°C to +200°C 

Operating Temperature Range -55°G to -»-175**C 

Lead Temperature (Soldering, lOsec) +300°G 

Power Dissipation 300mW 

Derate above 25^C 2mW/°C 

ELECTRICAL CHARACTERISTICS (25*0 unless otherwise noted) 

N Channel VCR FETs 



SYMBOL 


PARAMETER 






VCR2N 


VCR4N 


VCR7N 


UNIT 


TEST GONDII luiMS 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


STATIC 1 


iGSS 


Gate Reverse Current 


Vgs=-15V, 
Vds = 






-5 




-0.2 




-0.1 


nA 


bvgss 


Gate-Source Breakdown Voltage 


Ig=-imA, Vds = o 


-15 




-15 




-15 




V 


VGS(off) 


Gate-Source Cutoff Voltage 


Id = ima, Vds = 10V 


-3.5 


-7 


-3.5 


-7 


-2.5 


-5 


rds(on) 


Drain source ON Resistance 


Vgs = o, Id = o 


f = 1kHz 


20 


60 


200 


600 


4.000 


8,000 


Q. 


DYNAMIC (Note 1) | 


Cdgo 


Dram-Gate Capacitance 


Vgd=-iov, Is = 


f = 1MHz 




7.5 




3 




1.5 


pF 


Csgo 


Source-Gate Capacitance 


Vgs*-iov, Id = 




7.5 




3 




1.5 



NOTE 1: For design reference only, not 100% tested. 

P Channel VCR FETS 



SYMBOL 


PARAMETER 






VCR3P 


UNIT 


TEST CONDi 1 IUNS> 


MIN 


MAX 


STATIC ! 


Igss 


Gate Reverse Current 


Vgs=15V, Vds = 






20 


nA 


bvgss 


Gate-Source Breakdown Voltage 


Ig = 1/uA, Vds = 


15 




V 


VGS(off) 


Gate-Source Cutoff Voltage 


Id=-1axA, Vds=-iov 


3.5 


7 


./dsjten) 


Dram-Source ON Resjstance 


Vgs = o, Id = 


f = 1kH2 


70 


200 


^ 


DYNAMIC (Note 1) | 


Cdgo 




Vgd = 10V, Is = 


f = 1MH2 
(Note 1) 




6 


pF 


Csgo 


Soufce-Gate Capacitance 


Vgs=10V, Id = 




6 



NOTE 1: For design reference only, not 100% tested. 

JFETS AS VOLTAGE REGULATORS 

The voltage controlled resistor is a junction field effect 
transistor whose drain to source ON resistance is controlled 
by gate to source voltage. 

The gate control terminal is high impedance thereby 
allowing negligible control current. The gate voltage is zero 
for minimum resistance, and increases as the gate voltage 
approaches the pinch-off voltage. 

This VCR is intended for use on applications using low 
level AC signals. Figure 1 shows the output characteristics, 
with an enlarged graph of vbs = for AC signals with no 
DC component. Operation js in the first and third quadrants; 
the device will operate in the first quadrant only if a constant 



current is applied to the drain and the input signal level is 
kept low. 

Figure 1 also shows that certain combinations of gate 
control voltage and signal levels will cause resistance 
modulation. This distortion may be improved by introducing 
local feedback as shown in figure 2 for best frequency 
response and impedance levels; eliminating the feedback 
capacitor will require the gate control voltage to be double 
for the same ON resistance. The resistor values should be 
equal, and about 10012. 

Best gate control voltage for best linearity is up to about 
0.8Vpk; on resistance increases rapidly beyond this point. 
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VCR2N/3P/4N/7N 



Vqs » OV 





=^ Vqs « -8V 
23456789 10 

Vos-VOUTS 



JFET OUTPUT CHARACTERISTICS 



JFET OUTPUT CHARACTERISTICS 
ENURQEO AROUND Vqs " 



Figure 1 



+ 10V 

9Di 



-2.4V 



16K ,1^ 



x^ 



^O 



^": 



^ 



6 Si 



2K< :±:30pF 



-O OUTPUT 



Figure 2 
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I VCRIlM 



g Voltage Controlled Resistors 



APPLICATIONS 

• Small Signal Attenuators 

• Filters 

• Amplifier Gain Control 

• Oscillator Amplitude Control 



PIN CONFIGURATION 

TO-71 




ORDERING INFORMATION* 



TO-71 


WAFER 


DICE 


VCR11N 


VCR11N/W 


VCR11N/D 




^a 



CHIP TOPOGRAPHY 

6019 




0035 0080 

1 s, 0025 0070 

V TYP 2 PLACES 

■jl ^ 0037 0037 

0027 0027 

TYP 2 PLACES 



0035 0035 

0025 0025 
TYP 2 PLACES 



*When ordering wafer/dice refer to Section 10, page 10-1. 

ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 



ABSOLUTE MAXIMUM RATINGS 

( = 25°C) 

Gate-Drain or Gate-Source Voltage 25V 

Gate Current 10mA 

Total Device Dissipation at Ta = 25°C 

(Derate at 2.0mW/X to 175°C) 300mW 

Storage Temperature Range - SS^'C to + 1 1b^'C 



SYMBOL 


CHARACTERISTIC 






VCR11N 


UNIT 


TEST CONDITiuNd 


MIN 


MAX 


Iqss 


Gate Reverse Current 


Vgs=-15V, Vds = 






-0.2 


nA 


BVgss 


Gate-Source Breakdown Voltage 


Ig=-imA, vds = o 


-25 




V 


VGS(off) 


Gate-Source Cutoff Voltage 


Id = imA, Vds = 10V 


-8 


-12 


rds(on) 


Dram Source ON Resistance 


Vgs = o, Id = 


f=1kHz 


100 


200 


a 


Cdgo 


Drain-Gate Capacitance (Note 2) 


Vgd=-iov, Is = 


f=1MHz 




8 


PF 


Csgo 


Source-Gate Capacitance (Note 2) 


Vgs=-10V, lD = 




8 


9 9 




VDS = 100mV 


rosi = 200m 


.95 


1 


a 




Vgsi = VgS2 


rosi = 2kju 


.95 


1 



NOTES: 1. Vgsi + Control Voltage necessary to force ros to 2001^ or 2ki^. 
2. For design reference only, not 100% tested. 
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Section 3 — Analog Switches and 

Multiplexers 




D123/D125 

SPST 6-Channel JFET 
Switch Driver 



GENERAL DESCRIPTION 

The D123 and D125 monolithic bipolar drivers convert 
low-level positive logic signals (0 & + 5V) to the high level 
positive and negative voltages necessary to drive FET 
switches. One lead can be used to provide an enabling 
capability. 

ORDERING INFORMATION 




^ 



FEATURES 

• Provides DC Level Shifting Between Low-Level 
Logic and MOSFET or JFET Switches 

• External Collector Pull-Ups Required 

• Direct Interface With G116, G117, Q119, G115, 
and 0123 MOSFET Switches 



10 



01 



DG123 A K 



Package 
K - 14-pin CERDIP 
L - 14-pin Flat Package 
P - 14-pin Hermetic DIP 
(Special Order Only) 

Temperature Range 
A - Military (-55°C to +125°C) 
B - Industrial (-20°C to +85°C) 

Device Chip Type 



OU T 
r— ■—•12 




.-Jl. 



.^. 



■j:. 



.-£. 



IT" 



to—jT ^ — — oio' 





Figure 1: Functional Diagram (Outline Dwgs DD, FD-2, JD) 
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S D123/D125 

o 



O 



Maximum Dissipation (Note) 750mW 

Current (any pin) , 30mA 

Storage Temperature -65°C to +150°C 

Operating Temperature -55°C to +125°C 

Lead Temperature (Soldering, 10sec) 300°C 



ABSOLUTE MAXIMUM RATINGS 

Input-to-Emitter Voltage (V|n - Vee) 33V 

Output-to-Emitter Voltage (Vq - Vee) • 33V 

Logic Supply-to-Emitter Voltage (Vl - Vee) 27V 

Input-to-Reference Voltage (V|n - Vr) 2V 

Input-to-Logic Supply Voltage (V|n - Vl) +6V 

Reference-to-Emitter Voltage (Vr - Vee) 31V 

NOTE: Dissipation rating assumes device is mounted with all leads welded or soldered to printed circuit board in ambient temperature of 70°C. Derate 10mW/ 

°C for higher ambient temperature. 
Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are gtress ratings only, and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability 

ELECTRICAL CHARACTERISTICS 

Test conditions unless otherwise specified are as follows: Vee ' 
measurements based on specified input conditions. 



-20V, Vl = 4.5V, Iqut = 0, Vr = 0. Output and power supply 



DEVICE NO. 


PARAMETER 


TEST CONDITIONS 


Max limit 


UNIT 


-55X 


25X 


125X 


INPUT 1 


D123 


llN(OFF) 


V|N = 0.4V 


1 


1 


100 ■ 


ma 


V|N(ON) 


I|N = 1mA 


1.3 


1 


0.8 


V 


D125 


hN(OFF) 


ViN = 4.1V 


1 


1 


20 


/uA 


l|N(ON) 


V|N = 0.5V 


-07 


-0.7 


-0.7 


mA 


OUTPUT 1 


D125 & 
D123 


IQUKOFF) 


VouT= +10V 


0.1 


01 


10 


ma 


VOUT(ON) 


IOUT=1mA 


-19.7 


-19.7 


-195 


V 


VOUT(ON) 


Iqut = 4mA 


-19.2 


-192 


-19.0 


V 


POWER SUPPLY 


D123 


Ir(ON)(^) 


louT = for 
ON measurements. 
VoUT= +10V for 
OFF measurements. 


05 


0.5 


05 


mA 


•R(0FF)^2) 


1 


1 


150 


/xA 


Iee(ON)(^) 


1 


1 


1 


mA 


IeE(0FF)<2) 


2 


2 


200 


mA 


D125 


iL{ON)C') 


2 


2 


1 9 


mA 


IL(0FF)(1) 


. 1 


1 


100 


HA 


Iee{on)(i) 


2 


2 


1.9 


mA 


IeE(0FF)(2) 


2 


2 


200 


. mA 


SWITCHING TIMES 


D125 & 
D123 


> t(ON) 


IOUT=''niA, CoUT(3) = 10pF 
(See Switching Times) ^"^^ 




250 , 




ns 


t(0FF)(4) 




800 




ns 


t(on) 


IOUT = 4mA, CoUT(3)==10pF 
(See Switching Times) 




250 




ns 


t(off)(5) 




600 




ns 



NOTES: 1. One channel ON, 5 channels OFF. 

2 All channels OFF. 

3. Add 30ns per pF for 1mA and add 8ns per pF for 4mA for additional capacitive loading 

4 For Dual-ln-Line package add 120ns to t(off) 

5. For Dual-ln-Line package add 30ns to t(off). 
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D123/D125 






01 







^ 



? OIK 

I t. < ion. 

■dr I. < 10 n. 



lOV 



Circuit Diagrams 



Figure 2: Switching Times 



TYPICAL PERFORMANCE CHARACTERISTICS 



toff(deiay) VS i|N(PEAK) 
D123 



z 10 













^ 










^ 










/ 










/ 










/ 


\ 


»0 








/ 


■o< 

0< 


= -20v 

tov 


/ 




CouT < lOOOpF 
lour < 4mA 


L 




Ta- 


.25^C 







2 3 

'in (PEAK) ("^A) 



SWITCHiNG TiMES 

VS TEIMPERATURE 

D123 AND D125 

(SEE NOTES 4 AND 5) 





_Vr-0 


V 
PF- 










|900 


VHg=-20 
- V** 10V 










tof« (1mA) 


X' 


5 700 




UUI 






rf^ 


^ 










C^ 


^ 






• ^ 


?500 


-H 


— 1 


'^' 


to« (4 mA]^ 


^ 


g 500 
i 300 










^ 


^^ 






-H 


*^ 




r^ 


-^off (delay) 1 




_^ 


.-^ 




ton 










^ 


^ 










100 






"""l^ 


"—" 


^^^ 



-50 25 75 

TEMPERATURE (°C) 



V|N(ON) VS TEMPERATURE 
D123 



> 800 
6 











I.N « 


mA 




'^ 


■*>> 


X 


V 
Ic 


EE " 

UT 


-20 
-0 


v 










^ 




Si, 


















^ 



































-25 25 75 

TEMPERATURE (°C) 
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S D123/D125 

S 

;j TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 



s 



l|N VS V,N 
D123 



Z 06 



T-r-rnr 

Vet - -20V 



m 



02 04 06 08 
/,N - INPUT VOLTAGE IV) 

OP00310I 



APPLICATIONS 



VSAT VS TEMPERATURE 
D123 AND D125 



06 

05 

^ 04 
> 

> 

02 

01 





I.N » 1mA (0123) 
_V,N -0 5V (0125) 




Vr - Vl - 4 5V 
Vce « -20V Vcc = 10V 





















Iqut " ^ "f>^ 


1 











-25 25 75 

TEMPERATURE {"Q) 



loUT(OFF) VS TEMPERATURE 
D123 AND D125 

10* 



10^ 
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Using INTERSIL'S MOSFET SWITCH, G117, with either 
the D123 or D125 drivers provides a convenient means of 
designing a 5 channel analog multiplexer with a series on/ 
off switch. 




- TO CONTROt COGIC 



Figure 3: 5-Channel Multiplexer 
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D123/D125 

APPLICATION TIPS 
Interfacing the D123 and D125 

In order to meet all the specifications on this data sheet, 
certain requirements must be met by the drive circuitry. 

The D125 can be turned ON easily, but care must be 
exercised to insure turn-off. Keeping Vl - V|n ^ 0.4V is a 
must to insure turn-off. To accomplish this, a shunt resistor 
must be added to supply the leakage currfent (IcES) ^or DTL 
devices. Since Iqes ~ 50/uA, a 0.4V/0.05mA ^ Skli or less 
resistor should.be used. For TTL devices using a 2kfl 
resistor will insure turn-off with up to 200jLtA of leakage 
current. ., 
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Figure 4: D123 Interface 
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Figure 5: D125 Interface 
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Using the ENABLE Control 

Device pins Vr or Vl, can be used to enable the D123 or 
D125 drivers. For the D123, the enabling driver must sink 
'R(ON) X no. of channels used. For the D125, Il(ON) X no. of 
channels used must be sourced with a voltage at least -i- 4V 
greater than V|n. 
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Note: All typical values have been guaranteed by charactenzation and are not tested. 



4-Channel Decoded JFET 
Switch Driver 




GENERAL DESCRIPTION 

The D129 is a 4-channel driver witii binary decode input. 
It was designed to provide the DC level-shifting required to 
interface low-level logic outputs (0.7 to 2.2V) to field-effect 
transistor inputs? (up to 50V peak-to-peak). For p. 5V input 
logic supply, the V" terminal can be set at any volt:age 
between -5V and -30V. the output transistor is capable of 
sinking lOrrtA and will stand-off up to 50V above V~ In the 
off-state. , 

The ON state of the driver is controlled by ^ logic "1" 
; (open) on ail three input logic lines, while the OFF state of 
the driver is achieved by jbulling any one of the three inputs 
to a logic "0" (ground). , 

The 4-channel driver is internally connected such that 
, each one can be controlled independently or decoded from 
a binary counter. 



FEATURES 

• Quad Three-Input Gates Decode Binary Counter 
to Four Lines 

• Inputs Compatible With Low Power TTL and 
DTL, If s 200iLiA Max 

• Output Current Sinking Capability 10mA 

• External Pull-Up Elements Required 

• Compatible With G115 and G123 Series 
Multichannel MOSFET Switches Which Include 
Current-Limiter Pull-Up FETs 



ORDERING INFORMATION 

D129 A. K 



Package 
K - 14-pin CERDIP 
L - 14-pin Flat Pak 
P - 14-pin Ceramic DIP 
(Special Order Only) 

Temperature Range 
' A - Military (-.55^b to +125X) 
B - Commercial (-20'*C to +85°C) 

Device Chip Type 



36K> 2 6K 



-T— N- 



r^ 




(EACH DRIVER) 



J". 




1 F 



>0UT3 



Figure 1: Functional Diagrams (Outline Dwgs DD, FD-2, JD) 
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D129 

ABSOLUTE MAXIMUM RATINGS 

Vo - V- 50V 

GND - V- 33V 

V"^ - GND 8V 

V|N - GND ±6V 

Current (any terminal) 30mA 

Note: Dissipation rating assumes device nriounted with all leads welded or soldered to pc board in ambient temperature of 70'^C. Derate 10mW/°C for higher 

ambient temperatures. 
Stresses above thosse fisted under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings only, and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 



Storage Temperature -65°C to + 1 50°C 

Operating Temperature -5S°C to +125°C 

Power Dissipation (note) : :. ,; .'• . .. , : .......... 750mW 

Lead Temperature (Soldering, 10sec) ,....., 300°C 



ELECTRICAL CHARACTERISTICS Test conditions unless otherwise specified 


v- = . 


-20V, V+ -5V 




SYM- 
BOL 


PARAMETER 


TEST CONDITIONS 


MAXIMUM LIMIT 


UNIT 


D129M 


D129I 


-55°C 


25X 


125X 


-20°C 


25''C 


85X 


OUT 


Vol 


Output Voltage, Low 


lo = 10mA 


V|N = 2.2V, V ■*■ = 4.5V 


-19.3 


-.19.3 


-19 


-19.25 


-19.25 


-19 


V 


Vol 


Output Voltage, Low 


lo = 1mA 


-19.8 


-19.8 


-19.75 








lOH 


Output Current, High 


Vo = 10V, V|N = 0.7V 


0.1 


0.1 


20 


0.2 


0.2 


10 


fxA 


INPUT i 


IjNH 


Input Current 
Input Voltage High 


V|N = 5V Input Under Test, 
V|N = All Other Inputs 


0.25 


0.25 


5 


1 


1 


5 


ma 


l|NL* 


Input Current 
Input Voltage Low 


V|N = 0, y+ =5.5V 


-250 


-200 


-160 


-250 


-225 


-200 


TIME I 


ton 


Turn-ON Time 


See Switching Time Test Circuit 




0.25 






0.3 




MS 


toff 


Turn-OFF Time 




1.0 






1.5 




SUPPLY 1 


lEE 


Negative Supply Current 


V- = -20V 
V^ =5 5V 


One Channel "ON" 




-2 






-2.25 




mA 


IL 


Logic Supply Current 




3 






3.3 




lEE 


Negative Supply Current 


All V|N = 0, 

All Channels "OFF" 




-10 






-25 




fiA 


IL 


Logic Supply Current 




75 






1 




mA 



*Per gate Input 
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OV 
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Figure 2: Switching Time and Test Circuit 



'3-7 
Note: All typical values have been guaranteed by characterization and are not tested. 



10 
€4 

o 
o 

CO 
01 

IF 

o 

a 



o 
a 



IIG118/DG123/DG125 

4 & 5-Channel SPST Driver 
With Switch 



GENERAL DESCRIPTION 

This series includes devices with four and five channel 
switching capability. Each channel is composed of a driver 
and a MOSFET switch. Two driver versions are supplied for 
inverting and noninverting applications. A MOSFET, used 
as a current source provides an active pull-up for faster 
switching. 

An external biasing connection is brought out for biasing, 
the current source, for optimization of speed and power. 

ORDERING INFORMATION 




FEATURES 

• Available With and Without Programmable 
Constant Current Pull-up 

• Zener Protection on All Gates 

• P-Channel Enhancement-Type MOSFET Switches 

• Each Switch Summed to One Common Point 



TRUTH TABLE 



DG118 A K 



Package 
K - 14-pin dERDIP 
L - 14-pin Flat Package 
P -' 14-pin Ceramic, DIP 
(Special Order Only) 

Temperature Range 

A - Military (-55°C to +125°C) 
' B - Commercial (-20°C to +85°C) 

Device Chip Type 



DG123 


DG118, 


DG125 


Switch 
Cond. 


V|N 


Vr 


V|N 


Vl 


L 


L 


L 


L 


OFF 


H 


L 


L 


H 


ON 


L 


H 


H 


L 


OFF 


H 


H 


H 


H 


OFF 



L = OV, H= +V 



DG118 

(One Channel) 



DG123 

(One Channel) 




F* 



'"— \r 



OG125 

(One Channel) 

Vt 



nzl 



ij 



^ezzi 




inr 





Figure 1: Schematic & Logic Diagrams (Outline Dwgs DD, FD-2, JD) 
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DG118/DG123/DG125 



D 
D 



ABSOLUTE MAXIMUM RATINGS 

Collector to Emitter (V^-V") 33V 

Collector to Pull-up (V"^-Vp) 33V 

Drain to Emitter (Vd-V") 32V 

Source to Emitter (Vs-V") 32V 

Drain to Source (Vd-Vs) 28V 

Source to Drain (Vs-Vd) 28V 

Logic to Emitter (Vl-V") 33V 

Reference to Emitter (Vr-V") 31V 

Reference to Input (Vr-V(n) 6V 



Logic to Input (Vl-V|n) ±6V 

Input to Emitter (V|n-V") 33V 

Current (any terminal) 30mA 

Storage Temperature -65°C to +150°C 

Operating Temperature -55°C to +125*'C 

Dissipation (Note) 750mW 

Lead Temperature (Soldering, 10sec) 300°C 

NOTE: Dissipation rating assumes device is mounted with all leads welded 
or soldered to pnnted circuit board in ambient temperature of 70°C. 
Derate 10mW/°C for higher ambient temperature. 



D 
O 

10 
CO 

o 

D 

10 



stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings only, and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to 
absolute maximum rating conditions for extended penods may affect device reliability. 

ELECTRICAL CHARACTERISTICS 

Test conditions unless specified otherwise are as follows: Vl = 4.5V, 
test conditions used for output and power supply specifications. 



Vr = 0, V" = -20V, and P = -20V. Input ON and OFF 



DEVICE 
NO. 


PARAMETER 
(NOTE) 


TEST CONDITIONS 


MAX LIMITS 


UNIT 


-55X 


+ 25X 


+ 125X 


INPUT 1 


DG123 


llN(OFF) 


V|N = 0.4V 


1 


, 1 


100 


HiA 


V|N(ON) 


I|N = 1mA 


1.3 


1.0 


0.8 


V 


DG118 
DG125 


l|N(OFF) 


V|N = 4.1V 


1 


1 


20 


/uA 


l|N(ON) 


V|N = 0.5V 


-0.7 


-0.7 


-0.7 


mA 


OUTPUT 1 


All 
circuits 


'■DS(ON) 


Vd = 10V, Is = -1mA 


100 


100 


125 


a 


Vd = 0, Is= -lOOjuA 


200 


200 


250 


n 


Vd=-10V, ls=-100iuA 


, 450 


450 


600 


n 


ID(ON) 


Vd = 10V. ls(all) = 




4 


4000 


nA 


'D(OFF) 


Vs(all) = 10V, Vd=-10V 




-4 


-4000 


nA 


IS(OFF) 


Vd=10V, Vs=-10V 




-1 


-1000 


nA 


POWER SUPPLY 1 


All 
circuits 


ICC(ON) 


One Channel. (ON) 




3 




mA 


IL(ON) 




3 




mA 


Ir{ON) 




-0.5 




mA 


lEE(ON) 




-6 




mA 


All 
circuits 


ICC(OFF) 


All Channels (OFF) 




10 




mA 


Il(OFF) 




10 




HA 


IR(OFF) 


' 


-15 




mA 


IeE(OFF) 




-20 




ma 


SWITCHING TIMES | 


All 
circuits 


t(0N) 


See Switching Times 




0.3 




MS 


t(OFR 




1 




MS 



NOTE: (OFF) and (ON) subscript notation refers to the conduction state of the MOSFET switch for the given test condition. 
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Figure 2: Switching Times 
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TYPICAL PERFORMANCE CHARACTERISTICS 



i|N VS V|N 
DG123 




0.2 4 6 8 
V,N - INPUT VOLTAGE (V) 



SWITCHING TIMES vs 
TEMPERATURE 
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••DSCON) vs Vd or Vs 
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DG118/DG123/DG125 



D 
D 



APPLICATION TIPS 

The recommended resistor values for interfacing RTL, 
DTL, and TTL Logic are shown in Figures 3 and 4. 
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Figure 3: DG118 and DG125 Interface 
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Figure 4: DG123 Interface 
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Enable Control 

The Vr and Vl terminals can be used as either a Strobe 
or an Enable control. The requirements for sinking current 
at Vr or sourcing current at Vl are: Il(ON) x No. of channels 
used, for DG118 and DG125, and Ir(on) x No. of channels 
used for the DG123 devices. The voltage at Vl must be 
greater than the voltage at V|n by at least +4V. 
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DG126, DG129, DG133, R 

DG134, DG140, DG141, i^ 

DG151, DG152, DG153, DG154 

DUAL JFET Analog Switch 




GENERAL DESCRIPTION 

These switching circuits contain two channels in one 
package, each channel consisting of a driver circuit control- 
ling a SPST or DPST junction FET switch. The driver 
interfaces DTL, TTL or RTL logic signals for multiplexing, 
commutating, and D/A converter applications, which per- 
mits logic design directly with the switch function. Logic "1" 
at the input turns the FET switch ON, and logic "0" turns it 
off. 

ORDERING INFORMATION 

D126 A K 

— " I : . 



FEATURES 

• Each Channel Complete-Interfaces With Most 
Integrated Logic 

• Low OFF Power Dissipation, ImW 

• Switches Analog Signals Up to 20 Volts Peak-to- 
Peak 

• Low rDS(ON)' 10 Ohms Max on DG140/A and 
DG141/A 

• Switching Times Improved 100%-' A' Versions 



Package 
K - 14-pin CERDIP 
L - 14-pin Flat Pack 
P - 14-pin Ceramic DIP 
(Special Order Only) 

Temperature Range 
A - Military (-55°C to +125°C) 
B - Industnal (-20X to +80°C) 

Device Chip Type 



DUAL SPST 
DG133 (rDS(ON) = 30^) 
DG134 (ros ON) = 8012) 
DG141 (rosloN) = 10^) 
DG151 (rosoN =15^) 
DG152 (ros ON) = son) 






\r\^l 




Vn (ENABLE 



DUAL DPST 
DG126 (ros(ON) = 80f2) 
DG129 (rosloN = 3012) 
DG140 (ros ON = 10^) 
DG153 (ros oN^= 1512) 
DG154 (ros ON) = 5012) 







\r~^*^s 



V-C's.' 



1 — I — I ,_r*D, 



vr^s 



Figure 1: Functional Diagrams (Outline Dwgs DD, FD-2, JD) 
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DG126, DQ129, DG133, DG134, DG140, 
DG141, DG151, DG152, DG153, DG154 



Current (any terminal) 30mA 

Storage Temperature -65°C to +150°C 

Operating Temperature - 55°C to + 1 25°C 

Lead Temperature (Soldering, 10sec) 300°C 



ABSOLUTE MAXIMUM RATINGS 

Analog Signal Voltage (Va-V" or V"*" -Va) 30V 

Total Supply Voltage (V^ -V") 36V 

Positive Supply Voltage to Ref. Voltage (V"^ -Vr).. 25V 

Ref. Voltage to Neg. Supply Voltage (Vr-V) 22V 

Power Dissipation (Note) 750mW 

NOTE: Dissipation rating assumes device is mounted with all leads welded or soldered to pnnted circuit board in ambient temperature below yCC. For higher 
temperature, derate at rate of 10mW/°C. 

Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings only, and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to 
absolute maximum rating conditions for extended penods may affect device reliability. 

ELECTRICAL CHARACTERISTICS (Per Channel) 

Applied voltages for all test: DG126, DG129, DG133, DG134, DG140, DG141 (V"^ = +12V, V" = -18V, Vr = 0), and DGI6I, 
DG152, DG153, DG154 (V"^ = + 15V, V~ = -15V, Vr = 0). Input test condition which guarantees FET switch ON or OFF as 
specified is used for output and power supply specifications. 



SYMBOL 
(NOTE) 


CHARACTERISTIC 


TYPE 


TEST CONDITIONS 


ABSOLUTE MAX LIMIT 


UNIT 


-55X 


as^'c 


125°C 


INPUT 1 


V|N(ON) 


Input Voltage-On 


All Circuits * 


V2=-12V 


2.9 mm 


2.5 mm 


2.0 mm 


Volts 


V|N(OFF) 


Input Voltage-Off 


V2=-12V 


1.4 


1.0 


0.6 


Volts 


l|N(ON) 


Input Current 


V,N = 2.5V 


120 


60 


60 


mA 


l|N(OFF} 


Input Leakage Current 


V|N = 0.8V 


0.1 


0.1 


2 


fxA 


SWITCH OUTPUT | 


''DS(ON) 


Dram-Source On Resistance 


DG126 
DG134 


V|N = (See Note) 
Vd=10V, Is = 10mA 


80 


80 


150 


a 


DG129 
DG133 


30 


30 


50 


n 


DG140 
DG141 




10 


10 


20 


a 


DG151 
DG153 


Vd = 7.5V, Is = 10mA 
V|N = (See Note) 


15 


15 


30 


n 


DG152 
DG154 


50 


50 


100 


a 


ID(ON) + IS(ON) 


Drive Leakage Current 


DG126 
DG129 
DG133 
DG134 


Vd = Vs=-10V 




±2 


100 


nA 


IS(OFF) 


Source Leakage Current 


Vs = 10V, Vd= -10V 




±1 


100 


nA 


ID(OFF) 


Dram Leakage Current 


Vd = 10V, Vs= -10V 




±1 


100 


nA 


Id(ON) + IS(ON) 


Drive Leakage Current 


DG140 
DG141 


Vd = Vs=-10V 




±2 


100 


nA 


IS(OFF) 


Source Leakage Current 


Vs = 10V, Vd= -10V 




±10 


1000 


nA 


ID(OFF) 


Dram Leakage Current 


Vd=10V. Vs= -10V 




±10 


1000 


nA 


ID(ON) + IS(ON) 


Drive Leakage Current 


DG151 
DG153 


Vd = Vs=-7.5V 




±2 


500 


nA 


IS(OFF) 


Source Leakage Current 


Vs = 7.5V. Vd=-7.5V 




±10 


1000 


nA 


Id(OFF) 


Dram Leakage Current 


Vd = 7.5V, Vs= -7 5V 




±10 


1000 


nA 


ID(ON) + IS(ON) 


Dnve Leakage Current 


DG152 
DG154 


Vd = Vs=-7 5V 




±2 


500 


nA 


'S(OFF) 


Source Leakage Current 


Vs = 7.5V. Vd= -7.5V 




±2 


200 


nA 


ID(OFF) 


Dram Leakage Current 


Vd = 7.5V. Vs= -7.5V 




±2 


200 


nA 



DO 
OD 

go 

J* (0 



20 



10 



C» 






20 

8| 



NOTE: V|N must be a step function with a minimum slew-rate of IV/jus 
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a 



00120^, D0129, DG133, DG134, DGt40, 
DG141, DG151, DG1S2, DG153,:DG154 



ELECTRICAL CHARACTERISTICS <CONT.) 










SYMBOL 
(NOTE) 


CHARACTERISTIC 


TYPE 


TEST CONDITIONS 


ABSOLUTE MAX LIMIT 


UNIT 


-55X 


25''C 


125X 


POWER SUPPLY j 


ll(ON) 


Positive Power Supply Drain 
Current 


All Circuits 


One Driver ON, V|n = 2.5V 




3 




mA 


l2{ON) 


Negative Power Supply Dram 
Current 




-18 




mA 


, IR(ON) 


Reference Power Supply 
Dram Current 




-1 4 




mA 


ll(OFF) 


Positive Power Supply 
Leakage Current 


Both Drivers OFF, V|n = 0.8V 




25 




HA 


l2(OFF) 


Negative Power Supply 
Leakage Current 




-25 




txA 


Ir(OFF) 


Reference Power Supply 
Leakage Current 




-25 




fxA 


SWITCHING i 


tON 


Turn-On Time 


See Below 


DG126, DG129, DG133, 
DG134, DG152, DG154 




600 




ns . 


tOFF 


Turn-Off Tinne 


See Below 


DG126, DG129, DG133, 
DG134, DG152, DG154 




1.6 




/us 


tON 


Turri-On Time 


See Below. 


DG140, DG141, DG151, DG153 




1.0 




|US 


tOFF 


Turn-On Time 


See Below 


DG140, DG141, DG151. DG153. 




2.5 




jUS 


POWER 1 


PON 


ON Driver Power 


All Circuits 


Both Inputs V|N = 2 5V 




175 




mW 


POFF ' 


OFF Driver Power 


Both Inputs V|N = 1V 




1 




mW 



NOTE: (OFF) and (ON) subscript notation refers to the conduction state of the FET switch for the given test. 



3-14 
Note. All typical values have been guaranteed by characterization and are not tested. 



DG126, DG129, DG133, DG134, DG140, 
DG141, DG151, DG152, DG153, DG154 

ELECTRICAL CHARACTERISTICS (CONT.) 



DG126, 129, 133, 134, 140, 141 
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Figure 2: Switching Times (at 25''C) 
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f S DG126, DG129, DG133, 00134^ DG140, 
|| DG141, DG151, DG152, DG153, DG154 

« S TYPICAL PERFORMANCE CHARACTERISTICS (per channel) 
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§1 



DG126, 129, 133, 134, 140, 141 

V|N THRESHOLD vs TEMPERATURE 



DG151, 152, 153, 154 

V|N THRESHOLD vs TEMPERATURE 
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r— 1 




= 0' 
= +12V 
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V" 


= -1 

OS 


2V 











=F 


sss 



































-25 25 75 12 

TEMPERATURE <°C) 

OP05800I 















= o' 

= +15V 
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ON 


V 
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2V 








OFF 


sss 



































rDS(ON) vs TEMPERATURE 
(Normalized to 25''C Value) 



TEMPERATURE CC) 

OP05810I 



rDS(ON) vs TEMPERATURE 
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2 5V 




















_V~ = -iRv 
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t^ 
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s: 
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-25 25 75 

TEMPERATURE TO 



ALL CIRCUITS 



ON SUPPLY CURRENT vs 
TEMPERATURE 



Id(off) vs temperature 
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I 22 
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5 '« 

O 

> 1.0 

I 06 
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TEMPERATURE TC) 




25 45 65 



TEMPERATURE (°C) 

OP05830I 



OFF SUPPLY CURRENT vs 
TEMPERATURE 




TEMPERATURE (^C) 

OP05850I 



TEMPERATURE (°C) 

OP05860I 
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Note: All typical values have been guaranteed by charactenzation and are not tested. 



DG139, DG142-DG146, 

DG161-DG164 

DUAL JFET Analog Switch 



GENERAL DESCRIPTION 

Each package contains a monolithic driver with differen- 
tial input and 2 or 4 discrete FET switches. The driver may 
be treated as a special purpose differential amplifier which 
controls the conduction state of the FET switches. Th6 
differential output of the driver sets the switches in opposi- 
tion, one pair open and the other pair closed. All switches 
may be opened by applying a positive control signal to the 
Vr terminal. 

ORDERING INFORMATION 




:<sj 



D139 



A K 

" T 



FEATURES 

• Each Channel Complete - Interfaces With Most 
Integrated Logic 

• Low OFF Power Dissipation, ImW 

• Switches Analog Signals Up to 20 Volts Peak-to* 
Peak 

• Low rDS(ON)> 10 Ohms Max on DG145 and 
DG146 



Package 
K - 14-pin CERDfP 
L - 14-pin Flat Pack 
P - 14-pin Ceramic DIP 
(Special Order Only) 

Temperature Range 
A - Military (-55°C to +125°C) 
B - Industrial (-20°C to +85°C) 



b 

I 

o 
o 

■A 

o 

D 



D 
D 



Device Type 



SPOT 
DG143 (rDS(ON) = 80^) 
DG144 (rosJoN = 30^) 
DG146 (rosJoN = 10^) 
DG161 (rosJoN) = ISfi) 
DG162 (rDS(ON = 50^y 



DPDT 
DG13d (rDS(ON) = 30^) 
DG142 (ros ON = 80fi) 
DG145 (rosJoN) = 10^) 
DG163 (rDsrbm = 15^) 
DG164 (rosioN) = 50^) 



-<rf^ 







v^l 








^ 




T^ 


• 1 




i 


5 




!:; 


3 






[>-■■■ 




V3 












Vr 


INHIBI 


ni v-i 






SWITCH STATES 
ARE FOR V,M, = 
LOGIC \ 



SWITCH STATES 
ARE FOR V,M = 
tOGIC 1 





Figure 1: Functional Diagrams (Outline Dwgs DD, FD-2, JD) 
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D(C$1f % DG142-DQ14% DG161-«DGt64 



ABSOLUTE MAXIMUM RATINGS 



O 

Q 

IF 

o 
a 
I 

CI 

S 



Vs 

Vs 
Vr 

VIN1 



V- 36V 

V- 30V 

Vs ....f :.. 30V 

Vd i ±22V 

V- i 21V 

Vr :: 17V 

V|Ni or V|N2 ■•■•■ • ■• 14V 

V|N2 ^ ±6V 



V|N1 - Vr : ±6V 

V|N2 - Vr ±6V 

Power Dissipation (Note) : 750mW 

Current (any terminal) 30mA 

Storage, Temperature -65°C to + 1 50°C 

Operating Temperature - 55°C tp + 1 25°C 

Lead Temperature (Soldering^ lOsec) 300°G 



NOTE: Dissipation rating assumes device is mounted with all leads welded or soldered to pnnted circuit board in ambient temperature below ZO^C. For higher 
temperature, derate at rate of 10mW/°C. 

Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device These are stress ratings only, and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 

ELECTRICAL CHARACTERISTICS 

Applied voltages for all tests: DG139, DG142, DG143, DG144, DG145, DG146 (V"^ = 12V, V" = -18V, Vr = 0, V|n2 = 2.5V) 



and DG161, DG162, DG163, DG164 (V"^ = 15V, V" 



-15V, Vr = 0, V|N2 = 2.5V). Input test condition that guarantees FET 



switch ON or OFF as specified is used for output specifications. 










SYMBOL 
(NOTE) 


PARAMETER 


TYPE 


TEST CONDITIONS 


ABSOLUTE MAX LIMIT 


UNIT 


-55°C 


25°C 


125°C 


INPUT 1 


l|N1(0N) 


Input Current 


All Circuits 


V|N1=3.0V 


120 


60 


60 


iuA 


l|N2(0N) 


V|N2 = 2 OV 


120 


,. 60 


60 


mA 


1 INI (OFF) 


Input Leakage Current 


V|N1 = 2.0V 


0.1 


01 


2 


mA 


'lN2(0FF) 


V|N2 = 3 OV 


0.1 


0.1 


L.._ .2 ._ ... 


mA 


SWITCH OUTPUT | 


roscON) 


Dram-Source On Resistance 


DG142 
DG143 


Vd=10V, Is= -10mA 
V|N (See Note) 


80 


80 


150 


a 


DG139 
DG144 


30 


30 


60 


a 


DG145 
DG146 


Vd=10V, Is= -10mA 
V|N (See Note) 


10 


10 


20 


a. 


DG161 
DG163 


Vd = 7.5V, Is = -10mA 
V|N (See Note) 


15 


15 


30 


^ 


DG162 
DG164 


50 


50 


100 


a 


ID(ON) + IS(ON) 


Drive Leakage Current 


DG139 
DG142 
DG143 
DG144 


Vd = Vs,= -10V 




2 


100 


nA 


IS(OFF) 


Spurce Leakage Current 


Vs=10V, Vd= -10V 




1 


100 


nA 


ID(OFF) 


Drain Leakage Current 


Vd=10V, Vs= -10V 




1 


100 


nA 


ID(ON) + IS(ON) 


Drive Leakage Current 


DG145 
DG146 


Vd = Vs=-10V 




2 


100 


nA 


IS(OFF) 


Source Leakage Current 


Vs = 10V, Vd=-10V 




10 


1000 


nA 


ID(OFF) 


Dram Leakage Current 


Vd=10V. Vs=-10V 




10 


1000 


nA 


'D(ON) + IS(ON) 


Drive Leakage Current 


DG161 
DG163 


Vd = Vs=-7.5V 




2 


500 


nA 


Is(off) 


Source Leakage Current 


Vs = 7.5V, Vd=-7 5V 




10 


1000 


nA 


Id(Off) 


Dram Leakage Current 


Vd = 7 5V, Vs=-7.5V 




10 


1000 


nA 


ID(ON) + IS(ON) 


Drive Leakage Current 


DG162 
DG164 


Vd = Vs=-7.5V 




2 


500 


nA • 


Is(off) 


Source Leakage Current 


Vs = 7 5V, Vd= -7.5V 




2 


200 


nA 


Id(off) 


Dram Leakage Current 


Vd = 7.5V, Vs= -7.5V 




2 


200 


nA 



NOTE: (OFF) and (ON) subscript notation refers to the conduction 
V|N must be a step function with a minimum slew-rate of 1 



state of the FET switch for the given test. 
V/jus. 
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DG139, DG142-DG146, DG161-DG164 

ELECTRICAL CHARACTERISTICS (CONT.) 



SYMBOL 
(NOTE) 


PARAMETER 


TYPE 


TEST CONDITIONS 


ABSOLUTE MAX LIMIT 


UNIT 


-55X 


25X 


125X 


POWER SUPPLY 


ll(ON) 


Positive Power Supply 
Dram Current 


All Circuits 


V|N1=3V 

or 

V|N1 = 2V 




40 




mA 


l2(ON) 


Negative Power Supply 
Dram Current 




-20 




mA 


IR(ON) 


Reference Power 
Supply" 
Dram Current 




-2.0 




mA 


ll(OFF) 


Positive Power Supply 
Leakage Current 


V|N1=V|N2> = 0.8V 




25 




^xA 


l2(0FF) 


Negative Power Supply 
Leakage Current 




-25 




ma 


IR(OFF) 


Reference Power 
Supply 
Leakage Current 




-25 




fxA 


SWITCHING 


tON 


Turn-On Time 


DG139, DG142 
DG143, DG144 
DG162, DG164 


See Switching Times 




08 




MS 


tOFF 


Turn-Off Time 


DG139, DG142 
DG143, DG144 
DG162, DG164 


See Switching Times 




1 6 

1 




JUS 


tON 


Turn-On Time 


DG145, DG146 
DG161, DG163 


See Switching Times 




i:o 




jUS 


tOFF 


Turn-Off Time 


DG145, DG146 
DG161, DG163 


See Switching Times 




25 




MS 



o 

2 

o 
o 



I 

O 

D 

0) 

D 
P 



O 



NOTE: (OFF) and (ON) subscnpt notation refers to the conduction state of the FET switch for the given test. 
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I bG139, liG142-DG146j DG161-DG164 



i 

s 

i 

o 

o 

I 

IF 

o 

Q 

<s 

(0 



DG139, 142, 143, 144, 145, 146 

"on—* bjt- toff -♦ Hfe — 

SW142 -*-90 SW142 -tf- »0 

output' yi OUTPUT f 

..... '"■^^r.....'»^J!^ 

OUTPUT /! OUTPUT I 




OFF MODEL 



o~r — 1< — t — (( — r— 0' 



ON MODEL 



...r) : 


:osuf 



DG161, 162, 163, 164 

V,.. •'^"-\ 

'■*""" \ 

OUTPUT yi OUTPUT yi 




TC00290I 

OFF MODEL 



SOuRCt O ♦ ■ ■jf- 



— j( 1~~0 ORAIN 



TC00310I 

ON MODEL 



-a 



TC00320I TC00330I 

Figure 2: Switching Times Test Circuits 
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DGl39p DG142-DG146, DG161-DG164 



o 

D 
J0 

o 
o 

10 

I 

D 
D 

O 



I 



ABOLUTC VOLTAGE 
LEVELS FOn SWITCHINO 
WtTHONE SIDE 0#EN AND 
OTHEH SIDE SWITCHED AT 



VOLTAGE AT^IN 13 
NECESSARY TO SWITCH 
WHEN HAS AT UN 9 IS 
♦2 »V AT JS'C 



OFF 
AREA 




V,M <Pins9or 13) 



Figure 3 




NOTE 1: An example of Absolute Minimum Differential Voltage, IV9-V-13I, is when V9 = 3V and V13 = 2 5V, the V9 side of the switch is ON and the V13 side of 
the switch IS OFF at 25°C. Conversely, when Vg = 2V and V13 = 2 5V, the Vg side of the switch is OFF and the V13 side of the switch is ON at 25''C 

TYPICAL PERFORMANCE CHARACTERISTICS (per channel) 

DG139, 142, 144, 145, 146 



V|Ni THRESHOLD vs 
TEMPERATURE 
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DG161, 162, 163, 164 



ViNi THRESHOLD vs 
TEMPERATURE 
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Rds(on) vs temperature 
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Note. All typical values have been guaranteed by charactenzation and are not tested 



s DG180-191 

i High-Speed Driver With 
g JFET Switch 

GENERAL DESCRIPTION 

The DG180 thru DG191 series of analog gates consist of 
2 or 4 N-channel junction-type field-effect transistors (JFET) 
designed to function as electronic switches. Level-shifting 
drivers enable low-level Inputs (0.8 to 2V) to control the ON- 
OFF state of each switch. The driver is designed to provide 
a turn-off speed which is faster than turn-ort speed, so that 
break-before-make action is achieved when switching from 
one channel to another. In the ON state, each switch 
conducts current equally well in both directions. In the OFF 
condition, the switches will block voltages up to 20V peak- 
to-peak. Switch-OFF input-output isolation is 50dB at 
10MHz, due to the low output impedance of the FET-gate 
driving circuit. 

ORDERING INFORMATION 




FEATURES 

• Constant ON-Resistance for Signals to ±10V 
(DG182, 185, 188, 191), to ±7.5V (All Devices) 

• ±15V Power Supplies 

• < 2nA Leakage From Signal Channel in Both ON 
and OFF States 

• TIL, DTL, RTL Direct Drive Compatibility 

• ton> toff < 150ns, Break-Before-l\/lake Action 

• Cross-talk and Open Switch Isolation > 50dB at 
10MHz (75^ Load) 

• JAN 38510 Approved 



PART 
NUMBER 


TYPE 


rDS(on) 
(MAX) 


DG180 


Dual SPST 


10 


DG181 


Dual SPST 


30 


DG182 


Dual SPST 


75 


DG183 


Dual DPST 


to 


DGI94 


Dual DPST 


30 


DG185 


Dual DPST 


75 


DG186 


SPDT 


10 


DG187 


SPDT 


30 


DG188 


SPDT 


75 


DG189 


Dual SPDT 


10 


DG190 


Dual SPDT 


30 


DG191 


Dual SPDT 


75 



DG 181 



PACKAGE 

A - 10-PIN METAL CAN 
L - 14-PIN FLAT PACK 
P - CERAMIC DIP 

(Special Order Only) 
K - CERDIP 

TEMPERATURE 

A - MILITARY (-55°C to 
+ 125''C) 

B - INDUSTRIAL (-20°C to 
+ 85'C) 



■ DEVICE TYPE 
DRIVER 



ONE AND TWO CHANNEL SPDT AND SPST 
CIRCUIT CONFIGURATION 



TWO CHANNEL DPST CIRCUIT CONFIGURATION 




^^, 







J-* OS! 

^^~1— 002 



^^ 



s 

c 



R 



J— * — OS 






00186/187/188 SHOWN 



DG183/184/185 SHOWN 



Figure 1: Functional Diagram (Typical Channel) 
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DGl8d-191 

ABSOLUTE MAXIMUM RATINGS 



U 
O 

09 
O 



•v"^-v- 

V+-VD. 

Vd-v- . 

Vd-Vs- 



36V 

33V 

33V 

±22V 

Vl-V" 36V 

Vl-V|N 8V 

Vl-GND 8V 

V|N-GND 8V 

*Device mounted with all leads welded or soldered to PC board Derate 6mW/°C (TW); 10mW/°C (FLAT); 11mW/°C (DIP) above ZS^C. 
Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings only, and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to 
absolute maximum rating conditions for extended penods may affect device reliability. 



GND-V" 27V 

GND-V|N 20V 

Current (S or D) See Note 3 200mA 

Storage Temperature -65°C to +150°C 

Operating Temperature - 55°C to + 1 25°C 

Power Dissipation* 450 (TW), 750 (FLAT), 

825(DIP)mW 
Lead Temperature (Soldering, 10sec) 300°C 




DUAL SPST (DG180, 181, 182) 
Flat Package 



CERDIP* 



s, C 



^ ^ 



I , , I 



ViC 



t 



S2 
02 


D. (T 


1 1 


Tgsa 


NC 
NC 
IN2 


NcE A A s^p 

iNi [T — J lI — jjj mj 


V- 


v[7 




3v- 


QNO 


V.Q: 




7]0N0 



(OUTLINE DWG TO-100) 



(OUTLINE DWG FD-2) 



(OUTLINE DWG JD) 




DUAL DPST (DG183, 184, 185) 



Flat Package 



CERDIP* 




S— 5 



DSj 



L-o-rX-- 



.N.c=:t-[>i>^ L.<KIhJ=J 



V. C 



5^"^ 



D,E 
NC[T 

S3 E 
S4,[T 

D4 [T 
NO [7 

D2 



3 QND 



PI 



il] Si 

isJqno 

n] V+ 
3 IN2 

3 S2 



(OUTLINE DWG FD-2) 



(OUTLINE DWG JE) 



Figure 2: Pin Configurations and Switching State Diagram 



3-23 
Note: All typical values have been guaranteed by characterization and are not tested. 



S Ddl80-191 



0> 
00 

o 



Metal Can Package 



SPOT (DG186, 187, 188) 
Flat Package 



CERDIP* 




NCC 



Nccz: 

IM I [ 



^ Ft 



3 NO 



>--1^ 






NO 

D2 

S2 
NO 

y- 



HQND 



NO |T 
NO [T 
Di [7 

s,E 

IN [T 

v+ (T 
Vl U 






HI ^^ 

w] NO 

3 *2 
loj NO 

Dv- 

T]qno 



(OUTLINE DWG TO-100) 



CD00100I 

(OUTLINE DWG FD-2) 



CD00110I 

(OUTLINE DWG JD) 



DUAL SPPT (DG189, 190, 191) 



Flat Package 



CERDIP* 



SaC 



^_£ 



I1S3 









Vtc 



5— ^ 




02 (T 

v-[L 



1 I 



^ (SUBSTRATE) 
01 NC 



I] Vref 



Dqno 



*Sicle braze ceramic package available as special order only. Consgit factory. 
(OUTLINE DWG FD-2) (OUTLINE DWG JE) 

iFigure 2: Pin Configurations and Switching State Diagram (Cont.) 



ELECTRICAL CHARACTERISTICS (v+ = +15V, V" = - 


■15V, Vl = 5V, 


Unless Noted) 








PARAMETER 


DEVICE NO. 


TEST CONDITIONS 
(NOTE 1) 


A SERIES 


B SERIES 


UNIT 


-55X 


+ 25°C 


+ 125'C 


-20X 


+ 25X 


+ 85X 


SWITCH 1 


•S(off) 


DG181, 182, 184, 185 
187, 188, 190, 191 
(DG180. 183, 186, 189) 


Vs = 10V, Vd= -10V, V+ =10V 
V- = -20V, V|N = "OFF" 




±1 
±(10) 


100 
(1000) 




±5 
(15) 


100 
(300) 


nA 


DG181, 184, 187, 190 
(DG180, 183, 186, 189) 


Vs = 7.5V, Vd= -7.5V 
V,N = "OFF" 




±1 . 

±(10) 


100 
(1000) 




±5 
(15) 


100 
(300) 


nA 


DG182, 185, 188, 191 


Vs=10V, Vd= -10V 
V,N = -OFF' 




±1 


100 




±5 


100 


nA 


iD(off) 


DG181, 182, 184, 185 
187, 188, 190, 191 
(DG180, 183, 186, 189) 


Vs = 10V, Vd = -10V, V+ = 10V 
V- = -20V, V|N = "OFF" 




±1 

±(10) 


100 
(1000) 




±5 
(15) 


100 
(300) 


nA 


DG181, 184, 187, 190 
(DG180, 183, 186, 189) 


Vs = 7 5V, Vd= -7.5V 
V,N = -OFF" 




±1 

±(10) 


100 
(1000) 




±5 
(15) 


100 
(300) 


nA 




DG182, 185, 188, 191 


Vs = 10V, Vd= -10V 
V|N = "OFF" 




±1 


100 




±5 


100 


nA 


'D(on) + IS(on) 


DG180, 181, 183, 184 
186, 187, 189, 190 


Vd = Vs=-7.5V, V|n = "ON" 




±2 


-200 




-10 


-200 


nA 


DG182, 185, 188, 191 


Vd = Vs=-10V, V|n = "ON" 




±2 


-200 




-10 


-200 


nA 
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DG180-191 

ELECTRICAL CHARACTERISTICS (CONT.) 



D 
O 

00 

? 



PARAMETER 


DEVICE NO. 


TEST CONDITIONS 
(NOTE 1) 


A SERIES 


B SERIES 


UNIT 


-55X 


+ 25''C 


tiasx 


-20*'C 


+ 25'C 


+ B5X 


INPUT i 


l|NL 


ALL 


V,N = OV 


-250 


-250 


-250 


-250 


-250 


-250 


//A 


l|NH 


ALL 


V|N = 5V 




10 


20 




10 


20 


mA 


DYNAMIC 1 


ton 


10^ Switches 


See switching time test circuit 




300 






350 




ns 


30CI Switches 




150 






180 




75f2 Switches 




250 






300 




toff 


10n Switches 




250 






300 




30n and 75^ Switches 




130 






150 




Cs(off) 


DG181, 182, 184, 185, 
187, 188, 190, 191 
(DG180. 183, 186 189) 


Vs= -5V, Id = 0, f=1MHz 


9 typical (21 typical) 


PF 


CD(off) 


Vd= +5V, ls = 0, f=1MHz 


6 typical (17 typical) 


CD(on) + Cs(on 


Vd = Vs = 0, f=1MHz 


14 typical (17 typical) 


OFF Isolation 


Rl = 75a Cl = 3pF 


Typically > 50clB at 10MHz (See Note 2) 




SUPPLY 1 


1-^ 


DG180, 181, 182, 189 
190, 191 


V|N = 5V 




1.5 






1.5 




nnA 


DG183, 184, 185 




0.1 






01 




DG186, 187. 188 




0.8 






0.8 




r 


DG180, 181, 182, 189 
190, 191 




-5.0 






-50 




DG183, 184, 185 




-4.0 






-4.0 




DG186, 187, 188 




-3.0 






-3.0 , 




II 


DG180, 181, 182, 183 
184, 185, 189, 190, 191 




4.5 






4.5 




DG186, 187, 188 




3.2 






3.2 




Iqnd 


ALL , 




-2.0 






-2.0 




1 + 


DG180, 181, 182, 189 
190, 191 


V,N = OV 




1.5 






1.5 




DG183, 184, 185 




3.0 






3.0 




DG186, 187, 188 




0.8 






8 




r 


DG180, 181, 182, 189 
190, 191 




-5.0 






-5.0 




DG183. 184, 185 




-5.5 






-5.5 




DG186, 187, 188 




-3.0 






-3.0 




•l 


DG180, 181, 182, 183 
t84, 185, 189, 190, 191 




4.5 






4.5 




DG186, 187, 188 




3.2 






3.2 




Iqnd 


ALL 




-2.0 






-2.0 






NOTES 1. See Switching State Diagrams for V|n "ON" and V|n "OFF" Test Conditions. 

2. Off Isolation typically > ,55dB at 1MHz for DG180, 183, 186, 189. 

3. Saturation Drain Current fdr DG180, 183, 186, 189 only, typically 300mA (2ms Pulse Duration). Maximum Current on all other devices 
(any terminal) 30mA. 
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I bG180-191 



o 

Q 



ELECTRICAL CHARACTERISTICS (CONT.) 


MAXIMUM RESISTANCES 


(rDS(ON) MAX) 






DEVICE 
NUMBER 


CONDITIONS (Note 1) 
V"*" =15V, V^ s-ISV, yL = 5V 


MlLITAF^Y TEMPERATURE 


INDUSTRIAL 
TEMPERATURE 


UNIT 


-55°C 


+ 25X 


+ 125°C 


-20**C 


+ 25^ 


+ 85°C 


DG180 


Vd=-7.5V 


^S= -10mA 

Yin = "ON- 


10 


10 


20 


15 


15 


25 


n ' 


DG181 


Vd= -7.5V 


30 


30 


60 


50 


50 


75 


Q, 


DG182 


Vd=-10V 


75 


75 


100 


100 


100 


150 


n. 


DG183 


Vd = -7.5V 


10 


10 


20 


15 


.15 


25 


a 


DG184 


Vd=-7.5V 


30 


30 


60 


50 


50 


75 


a 


DG185 


Vd= -10V 


75 


75' 


150 


100 


100 


150 


n 


DG186 


Vd=-7.5V 


10 


10 


20 


15 


15 


25 


a 


DG187 


Vd=-7.5V 


30 


30 


60 


50 


50 


75 


^ 


DG188 


Vd=-10V 


75 


75 


150 


100 


100 


150 „ 


a 


DG189 


Vd=-7.5V 


10 


10 


20 


15 


.15 


25 


Q. 


DG190 


Vd=-7.5V 


30 


30 


60 


50 


50 


50 


a 


DG191 


Vd=-10V 


75 


75 


150 


100 


100 


150 


a 



APPLICATION HINT (for design only). Normally the minimum signal handling capability of the DG180 through DG191 family is 20V peak-to-peak 
for the 75f2 switches and 15V peak-to-peak for the 10^ and 30^ (refer Ip and Is tests above). For other Analog Signals, the following 
guidelines can be used: proper switch turn-off requires that V" ^ VANAL0G(P6ak) -Vp where Vp = 7.5V for the 10i7 and 3012 switches and 
Vp = 5.0V for 75^ switches e.g., -10V minimum (-peak) analog signal and a 75^ switch (Vp = 5V), requires that V~ < -10V -5V= -15V. 



Logic Input for "OFF" to "ON" Condition (DG180/181/182 Shown) 

LOGIC 3v- 

INPUT 
tr <10ns 
tf <10ns 



"^ f 



SWITCH vs 
INPUT 

SWITCH Q, 
OUTPUT 



0.9 Vo 



J 



-Son 



Vcc/ 



SWITCH s. 
INPUT o- 



0.9 Vo 



= h-0.9V( 



ton, Vs = +10V 
toff. Vs = -10V 
LOGIC ' 
INPUT 



Vo = Vs I 



Rl 



■<^- 



£»-' 



Di 



1 
I 



SWITCH 
OUTPUT 
OVo 

Cl 
30pF 



(REPEAT TEST FOR 
6 -15V ALL CHANNELS) 

''" ' ^° = ^^Rr;^) 

TC03560I 



toff *" **^ Rl + rDS(ON) - 

WF02701 1 

Figure 3: Switching Time Test Circuits 

Switch output waveform shown for Vs = constant with logic input waveform as shown. Note that Vs may be -i- or - as per switching time test circuit. 
Vo IS the steady state output with switch on. Feedthrough via gate capacitance may result in spikes at leading and trailing edge of output waveform. 



DUAL SPST-DG180/181/182 

TEST CONDITIONS 



DG180/181/182 



V|N "ON" = 0.8V 
V|N "OFF" = 2.0V 



All Channels 
All Channels 



SWITCH STATES ARE 

FOR LOGIC "1" INPUT = 2.0V 

SPDT-DG186/187/188 

TEST CONDITIONS 



DG186/187/188 



V|N "ON" = 2.0V 
V|N "ON" = 0.8V 
V|N "OFF" = 2.0V 
V|N "OFF" = 0.8V 



Channel 1 
Channel 2 
Channel 2 
Channel 1 



SWITCH STATES ARE 

FOR LOGIC "1" INPUT = 2.0V 



DUAL DPST-DG183/184/185 

TlEST CONDITIONS 



DG183/184/185 



V|N "ON" = 2.0V 
V|N "OFF" = 0.8V 



All Channels 
All Channels 



SWITCH STATES ARE 

FOR LOGIC "1" INPUT = 2.0V 

DUAL SPDT-DG189/190/191 

TEST CONDITIONS 



DG189/190/191 


V|N "ON" = 2.0V 
V|N "ON" = 0.8V 
V|N "OFF" = 2.0V 
V|N "OFF" = 0.8V 


Channels 1 & 2 
Channels 3 & 4 
Channels 3 & 4 
Channels 1 & 2 



SWITCH STATES ARE 

FOR LOGIC "1" INPUT = 2.0V 
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DG200/IH5200 

CMOS Dual SPST 
Analog Switches 

GENERAL DESCRIPTION 

The DG200/IH5200 solid state analog gates are de- 
signed using an improved, high voltage CMOS monolithic 
technology. They provide ease-of-use and performance 
advantages not previously available from solid state 
switches. Destructive fatch-up of solid state analog gates 
has been eliminated by INTERSIL'S CMOS technology. 

The DG200 is completely spec and pin-out compatible 
with the industry standard device, while the IH5200 offers 
significantly enhanced specifications with respect to ON 
and OFF leakage currents, switching times, and supply 
current. 

ORDERING INFORMATION 




FEATURES 

• Switches Greater Than 28Vpp Signals With ±15V 
Supplies 

• Breal(-Before-IMake Switching toff 250ns, ton 
700ns Typical 

• TTL, DTL, CMOS, PMOS Compatible 

• Non-Latching With Supply Turn-Off , 

• Complete Monolithic Construction 

• Industry Standard (DG200) 

• Improved Performance Version (iH5200) 



O 
P 

s 



10 

8 



INDUSTRY 

STANDARD 

PART 


IIMPROVED 

SPEC 

DEVICE 


PACKAGE 


TEMPERATURE 
RANGE 


DG200AA 


IH5200MTW 


10-Pin Metal Can 


. -55°C to +125°C 


DG200AK 


IH5200MJD . 


14-Pin CERDIP 


-55°C to +125X 


DG200AL 


IH5200MFD 


14-Pin Flat Pak 


-55°C to +125°C 


DG200BA 


IH5200ITW 


10-Pin Metal Can. 


-25"'C to +85°C 


DG200BK 


IH5200IJD 


14-Pin CERDIP 


-25*'C to +85°C 


DG200BL 


IH5200IFD 


14-Pin Flat Pak 


-25°C to +85°C 


DG200CJ 


IH5200CPD 


14-Pin Epoxy Dip 


OX to +70°C 




CERDIP & EPOXY DUAL-IN-LINE 
PACKAGE (outline dwgs JD, PD) 




METAL CAN PACKAGE 
(outline dwg TO- 100) 



V * (SUBSTRATE AND CASE) 



FLAT PACKAGE 
(outline dwg FD-2) 



H VREF 





SWITCH STATES ARE FOR LOCiC 
"1" INPUT (POSITIVE LOGIC) 



Figure 1: Pin Configurations 
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I DG200/IH5200 

i ABSOLUTE MAXIMUM RATINGS 

S V + -V- <33V 

O V"*'-Vd <30V 

Q Vd-V" <30V 

Vd'Vs <±22V 

ViN-GND <20V 

Current (Any Terminal) > 30mA 



Storage Temperature -65°C to +150°C 

Operating Temperature , . - 55°C to + 1 25*'C 

Lead Temperature (Soldering, 10sec) 300°C 

Power Dissipation ..450mW 

(All Leads Soldered to a P.C. Board.) Derate 6mW/°C Above 75*C. 



Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings only, and functional 
operation of the device at theSe or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to 
absolute maximum rating conditions for exte^nded periods may affect device reliability. 



j v/ v/ 1 

^, — ,. 1 itdJ 



GATE 

PROTECTION 

RESISTOR 



l—J U2 



O V- 




V 

T 

014 i 



w + 6 



^ 









OS^ 






Figure 2: Functional Diagram (1/2 DG200/IH5200) 



DG200 ELECTRICAL CHARACTERISTICS (Ta = 25°c. v+ = 


+ 15V, V" = -15V) 






PER CHANNEL 


TfeST 
CONDITIONS 


MIN/MAX LIMITS 


UNIT 


SYMBOL 


CHARACTERISTIC 


MILITARY 


COM'L/INDUSTRIAL 


-55X 


+ 25X 


+ 125X 


0/ 
-25X 


+ 25*^0 


+ 70X/ 
+ 85°C 


l|N(0N) 


Input Logic CDrrent 


V|N = 0.8V See Note 1 


±10 


±1 


±10 




±10 


±10 


mA 


•iN(OFF) 


Input Logic Current 


ViN = 2.4V See Note 1 


±10 


±1 


±10 




±10 


±10 


mA 


rDSPN) 


Dram-Source On 
Resistance 


Is = 10mA 
Vanalog = ± 10V 


70 


70 


100 


80 


80 


100 


Q. 


rOSiON) 


rDS(ON) Match 






25 

(typ) 






30 

(typ) 




Q. 


Vanalog 


Mm. Analog Signal 
Handling Capability 






±15 






±15 




V 


ID(OFF) 


Switch OFF Leakage 
Current 


Vanalog = -14V to 

+ 14V 




±2 


100 




±5 


100 


nA 


IS(OFF) 


Switch OFF Leakage 
Current 


Vanalog = -14V to 

+ 14V 




±2 


100 




±5 


100 


nA 


Id(ON) 
+ IS(ON) 


Switch ON Leakage 
Current 


Vd = Vs=-14V to 
+ 14V 




±2 


200 




±10 


200 


nA 


ton 


Switch "ON" Time 
See Note 1 


RL = ikn, Vanalog 

= -10V to +10V 
See Fig. 3 




1.0 






1.0 




jUS 


toff 


Switch "OFF" Time 


RL = ikf2, Vanalog 

= -10V to +10V 
See Fig. 3 




0.5 






0.5 




MS 


Q(INJ ) 


Charge Injection 


See Fig. 4 




15 

(typ) 






20 

(typ) 




mV 
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DG200/IH5200 



PER CHANNEL 


TEST 
CONDITIONS 


MIN/MAX LIMITS 


UNIT 


SYMBOL 


CHARACTERISTIC 


MILITARY 


COML/INDUSTRIAL 


-55°C 


+ 25°C 


+ 125''C 


0/ 
-25X 


+ 25°C 


+ 70X/ 
+ 85X 


OIRR 


Mm. Off Isolation 
Rejection Ratio 


f=1MHz, RL=100f2, 

Cl < 5pF 

See Fig. 5 (Note 1) 




54 

(typ) 






50 

(typ) 




dB 


IV1 


+ Power Supply 
Quiescent Current 


V|N = OV or 
V|N = 5V 


1000 


1000 


2000 


1000 


1000 


2000 


ma 


IV2 


-Power Supply 
Quiescent Current 


1000 


1000 


2000 


1000 


1000 


2000 


ma 


CCRR 


Min Channel to 
Channel Cross 
Coupling Rejection 
Ratio 


One Channel Off 




54 

(typ) 






50 

(typ) 




dB 



D 
O 



NOTE 1: Pull Down Resistor must be < 2k^ 

NOTE 2: Typical values are for design aid only, not guaranteed and not subject to production testing. 



IH5200 ELECTRICAL CHAI 


RACTERISTICS (@ 25°c. 


V"^ = +15V, V 


■ = -15Vref open) 




PER CHANNEL 


TEST 
CONDITIONS 


MIN/MAX LIMITS 


UNIT 


SYMBOL 


CHARACTERISTIC 


MILITARY 


COML/INDUSTRIAL 


-55X 


+ 25X 


+ 125°C 


0/ 
-25X 


+ 25X 


t70°C/ 
+ 85''C 


l|N(ON) 


Input Logic Current 


V|N = 0.8V 


±10 


±1 


±10 




±10 


±10 


ma 


llN(OFF) 


Input Logic Current 


ViN = 2.4V 


±10 


±1 


10 




±10 


±10 


ma 


'■DS(ON) 


Drain-Sourc© On 
Resistance 


l$ = 10mA 

Vanalog = ± 10V 


70 


70 


100 


80 


80 


100 


. ^ 


rDS(ON) 


Channel-to-Channel 
rDS(ON) Match 






25 

(typ) 






30 

(typ) 




a 


Vanalog 


Mm. Analog Signal 
Handling Capability 






±15 

(typ) 






±15 

(typ) 




V 


ID(OFF) 


Switch OFF Leakage 
Current 


Vanalog = -14V to 

+ 14V 




±1 


50 


1 


±2 


50 


nA 


IS(OFF) 


Switch OFF Leakage 
Current 


Vanalog = -14V to 

+ 14V 




±1 


50 


1 


±2 


50 


nA 


Id(ON> 
+ IS(ON) 


Switch ON Leakage 
Current 


Vd = Vs= -14V to 
+ 14V 




±1 


100 


1 


±2 


100 


nA 


ton 


Switch "ON" Time 
See Note 3 


RL'ika Vanalog 

= -10V to +10V 
See Fig. 3 




0.7 






o.a 




US 


toff 


Switch "OFF" Time 


RL = ika Vanalog 

= -10V to +10V 
See Fig. 3 




0.25 






0.4 




MS 


Q{INJ ) 


Charge Injection 


See Fig. 4 




5 

(typ) 






10 

(typ) 




mV 


OIRR 


Mm. Off Isolation 
Rejection Ratio 


f=1MHz. RL=100a 

CL<5pF 

See Fig. 5 




54 

(typ) 






50 

(typ) 




dB 


IV1 


+ Power Supply 
Quiescent Current 


V|N = OV or 
V|N = 5V 


250 


200 


150 


300 


250 


, 200 


mA 


IV2 


-Power Supply 
Quiescent Cun-ent 


10 


10 


100 


.10 


10 


100 


mA 


CCRR 


Mm. Channel to 
Channel Cross 
Coupling Rejection 
Ratio 


One Channel Off 




54 

(typ) 






50 

(typ) 




dB 
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DG200/IH5200 

TEST CIRCUITS 



3V 
INPUT ' 



"»pFj |iKn 



Figure 3 



ANALOO INPUT 



i— -ovc 

10.000IIF =S 



LOOIC 
INPUT 



Figure 4 



LOGIC INPUT 
(NOTE 1) 



'H»-/ 




Figure 5 



NOTE 3: All channels are turned off by high "1 " logic inputs and all channels are turned on by low "0" inputs; however 0.8V to 2.4V descnbes the mm. range 
for switching properly. Peak input current required for transition is typically -120mA. 

TYPICAL PERFORMANCE CHARACTERISTICS 



TDS(on) vs Vd 
and Temperature 



•"DSCon) ys Vd and Power 
Supply Voltage 




-IS -10 -S S 10 IS 
Vo - OfUIN VOITAOE (VOLTS) 



8 z 



H 

LS 

is 





^ 't- 


-^ ♦ 1- » 




— ,. -► 


" r 


^r 0^^ 


-^ ^ ^.-. 


r - 


f 


N-n: 


»— .. -, . 


•- «- rt 


/' 


' r^ \ 


^^4— r- 


^ - 


^^ 


S^^ jr.ar 


i^Jr— r -r - 




^ 


sI^B ^^1 


"mn" 


A 

• • 
C 
~ 


- V ♦ 

- V 

- V ' 

- V ♦ 


1 fr" r 

= ♦ 1$V. V 
= ♦12V.V 
-. ♦ 10V. ^ 

*«V. V - 


- = -isV. 

- = -12V 

- = -10V 

^ -tv 



SO - 



IS '0 so S 10 IS 
Vo - ORaJN voltage (VOLtS) 



10 



^i 1 

O uJ 

if" 



0.01 



iD(on) 
vs Temperature* 



a 



2S 4S 6S as 105 12S 

T - TEMPERATURE (*C) 

OP00720I 



•S(off) or iD(off) 
VS Temperature* 



.1 « 




2S 4S 6S as 10S 12S 

T- TEMPERATURE (X) 
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DG200/IH5200 



APPLICATIONS 

Using the Vref Terminal 

The DG200 has an internal voltage divider setting the 
TTL threshold on the input control lines for V"*" equal to 
+ 15V. The schematic shown here with nominal resistor 
values, gives approximately 2.4V on the V^Efr pin. As the 
TTL input signal goes from + 0.8V to + 2.4V, Q1 and Q2 
switch states to turn the switch ON and OFF. 

If the power supply voltage- is less than + 1 5V, then a 
resistdr must be added between V '*' and the VpEft pin, to 
restore + 2.4V at Vref- The table shows the value of this 
resistor for varidus supply voltages, to maintain TTL corn- 
patibility. If CMOS logic levels on a + 5V supply are being 
used, the threshold shifts are less critical, but a separate 
column of suitable values is given in the table. For logic 
swings of -5V to +5V, no resistor is needed. 

In general, the "low" logic level should be < 0.8V to 
prevent Q1 and 02 from both being ON together (this will 
cause incorrect switch function). With open collector logic, 
and a low value of pull-up resistor, the logic "low" level can 
be above 0.8V. In this case, INTERSIL can supply parts with 
thresholds > 1.5V, allowing the user to define the "low" 
as < 1 .5V (consult factory). The Vref point should be set at 
least 2.6V above this "low" state, or to > 4.1 V. An external 
resistor of 27k^ between V "•" and Vref "s required, for a 
, +15V supply. 



v + 


TTLi 


CKIOS 


Supply 


Resistor 


Resistor 


(V) 


(k^) 


(kn) 


+ 15 


_ 


i-' 


+ 12 


100 


- 


+ 10 


51 


- 


+ 9 


(34) 


34 


+ 8 


(27) 


27 


+ 7 


18 


18 



D 
D 

10 

I 

'Z 

m 

10 

s 



V*( + 15V) 




GATE 
O PROTECTION 
INPUT RESISTOR 



Figure 6. 
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ll€l201^tH5201 

Quad SPST 

CMOS Analog Switch 

GENERAL DESCRIPTION 

The DG201/IH5201 solid-state analog switches are de- 
signed using an improved, high-voltage CMOS monolithic 
technology. They provide performance advantages not 
previously available from solid-state switches. Destructive 
latch-up of solid-state analog gates has been eliminated by 
INTERSIL'S CMOS technology. 

The DG201 Is completely specification and pin-out com- 
patible with the industry standard device, while the IH5201 
offers significantly enhanced specifications with respect to 
ON and OFF leakage currents, switching times, and supply 
current. . 

ORDERING INFORMATION 




:^ 



FEATURES 

• Switct^es Greater Than 28Vp.p Signals With ± 15V 
Supplier 

• Brealc-Before-IMake Switching toff = 250ns, 
ton = Typically SQOns 

• TTL, DTL, CMOS, PMOS Compatible 

• Non-Latching With Supply Turn-Off 

• Complete Monolithic Construction 

• Industry Sitandard (DG201) 

• Improved Performance Version IH5201 



INDUSTRY 

STANDARD 

PART NUMBER 


IMPROVED SPEC 
PART NUMBER 


TEMPERATURE 
RANGE 


PACKAGE 


DG201AK 


IH5201MJE 


-SS'^C to +125°C 


' 16-Pin CEROIP 


DG201BK 


IH5201IJE 


-ZS'C to +85''C 


16-Pin CERDIP 


DG201CJ 


IH5201CPE 


0^*0 to +70*'C 


16-Pin Plastic DIP 



GATE 

PROTECTION 

RESISTOR 




V~ 

T 

014 i 






'^ 



Figure 1: Functional Diagram 
(1/4 DG201/IH5201) 

Switch Open For Logic "1" Input 




Figure 2: Pin Configuration 

(Outline dwgs JE, PE) 

DUAL-IN-LINE PACKAGE 
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DG201/lt45201 

ABSOLUTE MAXIMUM RATINGS 

V"^ to V" <33V 

V"^ to Vd ....^ <30V 

Vd to V" <30V 

Vd to Vs <±22V 

Vref to V" <33V 

Vref to VjN <30V 

Vref to GND <20V 



V|N to GND <20V 

Current (Any Terminal) < 30mA 

Storage Temperature ~65°C to +150''C 

Operating Temperature -SS^'C to + 1 25''C 

Lead Temperature (Soldering, 10sec) 300°C 

Power Dissipation 450mW 

Derate 6mW/**C Above 70°C 



Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings only, and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 



DG201 ELECTRICAL CHARACTERISTICS 


(Ta = 25''C. V"^ 


= +15V 


v- = - 


15V) 






PER CHANNEL 


TEST 
CONDITIONS 


MIN/MAX LIMITS 


UNIT 


SYMBOL 


CHARACTERISTIC 


MILITARY 


COMMERCIAL 


-55X 


+ 25''C 


+ 125^ 


OX 


+ 25X 


+ 70°C/ 
+ 85X 


l|N(ON) 


Input Logic Current 


V|N = 0.8V See Note 1 


10 


±1 


10 


±1 


±1 


10 


mA 


l|N{OFF) 


Input Logic Current 


V|N = 2 4V See Note 1 


10 


■ ±1 


10 


±1 


±1 


10 


mA 


RdS(ON) 


Dram-Source On 
Resistance 


Is = 10mA 
Vanalog = ± 10V 


80 


80 


125 


100 


100 


125 


a 


RdS(ON) 


Channel to Channel 
RdS(ON) Match 






25 

(typ) 






30 

(typ) 




n 


Vanalog 


Analog Signal 
Handling Capability 






±15 

(typ) 






±15 

(typ) 




V 


Id(off) 


Switch OFF Leakage 
Current 


Vanalog = -14V to 

+ 14V 




±1 


100 




±5 


lOO 


nA 


IS(OFF) 


Switch OFF Leakage 
Current 


Vanalog = -14V to 

+ 14V 




±1 


100 




±5 


100 


nA 


Id(on) 

+ IS(ON) 


Switch ON Leakage 
Current 


Vd = Vs = ±14V 




±2 


200 




±5 


200 


nA 


ton 


Switch "ON" Time 
See Note 2 


RL = ika Vanalog 

= -10V to +10V 
See Figure 3 




1.0 






1.0 




MS 


toff 


Switch "OFF" Time 
See Note 2 


RL = ika Vanalog 

= -10V to +10V 
See Figure 3 




0.5 






0.5 




MS 


Q(INJ ) 


Charge Injection 


See Figure 4 




15 

(typ) 






20 

(typ) 




mV 


OIRR 


Min. Off Isolation 
Rejection Ratio 


f = 1MHz, RL = 100a 

CL<5pF 

See Figure 5 




54 

(typ) 






50 

(typ) 




dB 


1(5 


+ Power Supply 
Quiescent Current 


V|N = OV to 5V 


2000 


1000 


2000 


2000 


1000 


2000 


mA 


IQ 


-Power Supply 
Quiescent Current 


2000 


1000 


2000 


2000 


1000 


2000 


mA 


CCRR 


Mm. Channel to 
Channel Cross 
Coupling Rejection 
Ratio 


One Channel Off 




54 

(typ) 






50 

(typ) 




dB 



o 



X 

ss 

o 



NOTE 1: Typical values are for design aid only, not guaranteed and not subject to production testing. 
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o DG201/IH5201 



S TEST CIRCUITS 




(Note 2) 



Figure 3 



ANALOG INPUT 



LOGIC 
INPUT 



— D-I>- 



Figure 4 



'°n»-/ 




Figure 5 



NOTE 2: All channels are turned off by high "1" logic inputs and all channels are turned on by low "0" inputs; however 0.8V to 2 4V descnbes the mm. range 
for switching properly. Peak input current required for transition is typically -120juA. 



IH5201 ELECTRICAL CHARACTERISTICS (Ta = 25°c, v+ = +15V, V" 



-15V) 



PER CHANNEL 


TEST 
CONDITIONS 


MIN/MAX LIMITS 


UNIT 


SYMBOL 


CHARACTERISTIC 


MILITARY 


COMMERCIAL 


-55X 


+ 25X 


+ 125X 


OX 


+ 25X 


+ 70X/ 
+ 85X 


l|N(ON) 


Input Logic Current 


V|N = 0.8V 


1 


1 


10 


1 


1 


10 


mA 


llN(OFF) 


Input Logic Current 


V|N = 2.4V 


1 


1 


10 


1 


1 


10 


mA 


RdS(ON) 


Dram-Source On 
Resistance 


Is = 10mA 

Vanalog = ± 10V 


75 


75 


100 


100 


100 


125 


12 


RdS{ON) 


Channel to Channel 
RdS(ON) Match 






25 

(typ) 






30 

(typ) 




n 


Vanalog 


Analog Signal 
Handling Capability 






±15 

(typ) 






±15 

(typ) 




V 


ID(OFF)/ 
'S(OFF) 


Switch OFF Leakage 
Current 


Vanalog =- 14V to 

+ 14V 




±0.5 


50 




±2 


50 


nA 


ID(ON) 
+ IS(ON) 


Switch ON Leakage 
Current 


Vd = Vs = ±14V 




±0.5 


100 




±2 


100 


nA 


ton 


Switch "ON" Time 
See Note 2 


RL=ika Vanalog 

= -10V to +10V 
See Figure 3 




0.7 






08 




MS 


toff 


Switch "OFF" Time 
See Note 2 


RL=ikn, Vanalog 

= -10V to +10V 
See Figure 3 




0.35 






0.4 




txs 


Q(INJ.) 


Charge Injection 


See Fig. 4 




5 

(typ) 






10 

(typ) 




mV 


OIRR 


Min. Off Isolation 
Rejection Ratio 


f=1MHz. Rl= 10012, 

CL<5pF 

See Figure 5, (Note 1) 




54 

(typ) 






50 

(typ) 




dB' 


1(5 


+ Power Supply 
Quiescent Current 


V|N = OV to 5V 


1000 


750 


600 


1500 


1000 


1000 


mA 


IQ 


-Power Supply 
Quiescent Current 


10 


10 


100 


20 


20 


200 


mA 


CCRR 


Mm. Channel to 
Channel Cross 
Coupling Rejection 
Ratio 


One Channel Off 
(Note 1) 




54 

(typ) 






50 

(typ) 




dB 



NOTE: Pull Down resistor must be < 2kl2 

NOTE: Typical values are for design aid only, not guaranteed and not subject to production testing 
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DG201/IHS201 

TYPICAL PERFORRilANCE CHARACTERISTICS 




-IS -10 -5 5 10 IS 
Vo - DRAIN VOLTAGE (VOLTS) 



^1 

<i 

i ^ 



z:~=s: 



25 45 65 S5 105 125 
T- TEMPERATURE CO 

OP00760I 



APPLICATIONS 

Using the Vref Terminal 

The DG201 has an internal voltage divider that sets the 
TTL threshold on the input control lines for V ''" =1 5V. The 
schematic is shown here, with nominal resistor values, 
giving approximately 2.4V on the Vref pin. As the TTL input 
signal goes from +0.8V to +2.4V, Q1 and Q2 switch states 
to turn the switch ON and OFF. 

If the power supply voltage is less than + 1 5V, then a 
resistor needs to be added between V "*" and Vref P«n, to 
restore + 2.4V at Vref- The table shows the value of this 
resistor for various supply voltages, to maintain TTL com- 
patibility. If CMOS logic levels with a + 5V supply are being 
used, the threshold shifts are less critical, but a separate 
column of suitable values is given in the table. For logic 
swings of -5V to +5V, no resistor is needed. 

In general, the "low" logic level should be < 0.8V to 
prevent 01 and Q2 from both being ON together (this will 
cause incorrect switch function). With open collector logic, ^ 
and a low value of pull-up resistor, the logic 'low' level can 
be above 0.8V. In this case, INTERSIL can supply parts with 
thresholds > 1 .5V(consult factory). The Vref PO\nX should 
be set at least 2.6V above this "low" state, or to > 4.1 V. An 
external resistor of 27k^ and Vref 's required, for a +1 5V 
supply. 



acS 

8 a 
IS 
^1 

I (0 











_. II'^. 




^ 




100 










i''* i' i ' 












i 


\ 


•>V k 


















^^ 














/ 




c \ 


















4+^ 


i> 


\ 


- 


50 




^ 




SJL..^ 


k^ 


-rr{ 


-^ 




kJ^A ! ._L-i 


^ 


-J 


*»^ 





_ A — V-t^ = +15V, V- = -15V- 
B- V+=+12V,V-=-12V 
C — V+ = +10V, V- = i10V 

-7 D — V+ = -(-8V, V- = -8V " 

— 1 1 1 .1 — 1 — 1 — 1 — 1 — 1 1 1 



o 
o 

10 

o 
i 

10 

p 



-15-10-5 5 10 15 
Vd - DRAIN VOLTAGE (VOLTS) 

OP00740I 
Temperature 



10 



^^ 

1 1 

St 

li 



0.1 



0.01 







X 



25 45 65 85 105 125 



T- 


TEMPERATURE (X) 

OP00770 




v + 


TTL 


CMOS 


Supply 


Resistor 


Resistor 


(V) 


(k^) 


(kO) 


+ 15 


_ 


, _ 


+ 12 


100 


- 


+ 10 


51 


- 


+ 9 


(34) 


34 


+ 8 


(27) 


27 


+ 7 


18 


18 




V*( + 15V) 



u 



kA 






01*71. r_^ _j 



! 



-A/W \h 



GATE 
6 PROTECTION 
INPUT RESISTOR 



Figure 6 
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I ilG211/DG212 

SPST 4-Channel Analo^i 



-^m^. 




GENERAL DESCRIPTION f * 

The DG211 and DG212 are low costj^MOS monolithic, 
QUAD SPST analog switches. These can be used in 
general purpose switching applications for communications, 
instrumentation, process control and computer peripheral 
equipment. Both devices provide true bidirectional perfor- 
mance in the ON condition and will block signals to 30V 
peak-to-peak in the OFF condition. The DG21 1 and DG212 
differ only in that the digital control logic is inverted, as 
shown in the truth table. 

DG211 and DG212 are available in a 16-pin Dual-ln-Line 
plastic package and are rated for operation over 0**C to 
70X. 

ORDERING INFORMATION 



:^ 



FEATURES 

• Switches ±15V Analog Signals 

• TTL Compatibility 

• Logic Inputs Accept Negative Voltages 

• Ron ^ 175 Ohm 



PART NUIMBER 


TEMPERATURE 
RANGE 


PACKAGE 


DG211CJ 
DG212CJ 


OX to +70X 
OX to +70X 


16-Pin Plastic DIP 
16.Pln Plastic DIP 



DG211 



DG212 



iNio — ^^y^--y 

^. O Di 



'N2 0--[3-l>^'-/ 



"^30 — ny^-/ 



'N4<^--0-^--/ 



-O $2 



-O D2 

-OS3 



IN2<: 



IN3C 



0D3 

-o S4 



"OD4 






OSt 



"OS2 



-0D2 
0S3 



0D3 
-0S4 



-0D4 



Dual-ln-Lme Package 


IN, c(T 




J6)3'N2 


°^<1 




iIpD2 


^^<L 




^h 


v-<T 




TJJa Vf (SUBSTRATE) 


GNoccr 




n^ Vl (*5V) 


H^ 




1S3S3 


D4t[ 




J0>D3 


IN4C[? 




I>"^3 




TOP VIEW 





Four SPST Switches per Package 

Switches Shown for Logic "1" Input 

Truth Table 



Figure 2. Pin Configuration 



LOGIC 


DG211 


DG212 




1 


ON 
OFF 


OFF 
ON 



Logic "0" < 0.8V 
Logic "1">2.4V 

Figure 1: Functionai Diagrams 
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307020-001 



DG211/DG212 

ABSOLUTE MAXIMUM RATINGS 

V"*" to V" 36V 

V|N to Ground V", V"^ 

Vl to Ground -0.3V, 25V 

Vs or Vd to V"^ 0, -36V 

Vs or Vd to V" 0, 36V 

V"^ to Ground 25\/ 

V" to Ground -25V 

Current, Any Terminal Except S or D 30mA 

Continuous Current, S or D 20mA 



ELECTRICAL CHARACTERISTICS (Ta = 25X) 



Peak Current, S or D < 

(Pulsed at 1msec, 10% duty cycle max) .......70mA 

Storage Temperature :.<.... - 65°C to + 1 25°C 

Operating Temperature OX to +70X 

Lead Temperature (Soldering, lOsec) 300*'C 

Power Dissipation (Package)* 
16 Pin Plastic DIP** 470mW 

* Device mounted with all leads soldered or welded 
to PC board. 
**Derate 6.5mW/°C above 25°C 



10 



u 
o 



SYMBOL 


PARAMETER 


TEST CONDITIONS 

Vt= +15V, V2=-15V, 

Vl=+5V, GND 


LIMITS 


UNIT 


MIN^ 


TYP2 


MAX 


SWITCH 


Vanalog 


Analog Signal Range 


V- = -15V, Vl= +5V 


-15 




15 


V 


Rds(ON) 


Dram-Source On Resistance 


Vd = ±10V, V|n = 2.4V — DG212 
Is = 1mA, V|N = 0.8V — DG211 




115 


175 


a 


'S(off) 


Source OFF Leakage Current 


V|N = 2.4V 
DG211 
V|N = 0.8V 
DG212 


Vs = 14V, Vd= -14V 




0.01 


5.0 


nA 


Vs= -14V, Vd = 14V 


-5.0 


-0.02 




iD(off) 


Dram OFF Leakage Current 


Vd = 14V, Vs= -14V 




0.01 


5.0 


Vd= -14V. Vs=14V 


-5.0 


-0.02 




Id(ON) 


Dram ON Leakage Current^ 


Vs'=Vd=-14V, V|n = 0.8V, DG211 
V|N = 2 4V, DG212 




0.1 


5.0 


-5.0 


-0.15 




INPUT 


l|NH 


Input Current With Input 
Voltage High 


V|N = 2 4V 


-10 


-0.0004 




mA 


V|N = 15V 




0.003 


10 


l|NL 


Input Current With Input 
Voltage Low 


V|N = OV 


-1 


-0.0004 




DYNAMIC 


ton 


Turn-ON Time 


See Switching Time Test Circuit^ 
Vs = 10V, RL=1ka CL = 35pF 




460 


1000 


ns 


toffi 

toff2 


Turn-OFF Time 




360 


500 




450 




Cs(off) 


Source OFF Capacitance 


Vs = OV, V|N = 5V, f = 1 MHz ^ 
Vd = OV, V|n = 5V, f=1MHz2 
Vd = Vs = OV, V|N = OV, f = 1MHz2 




5 




PF 


CD(off) 


Dram OFF Capacitance 




5 




Cd + S(on) 


Channel ON Capacitance 




16 




OIRR 


OFF Isolation'^ 


V|N = 5V, RL=1ka 

Cl = 15pF, Vs = 1VRMS, f = 100kHz2 




70 




dB 


CCRR 


Crosstalk 

(Channel to Channel) 




90 




SUPPLY 


1 + 


Positive Supply Current 


V|N = and 2.4V 




.1 


10 


ma 


r 


Negative Supply Current 




.1 


10 


II 


Logic Supply Current 








.1 


10 




The algebraic convention whereby the most negative value is a minimum, and the most positive is a maximum, is used in this data 

sheet 

For design reference only, not 100% tested. 

'D(on) 's leakage from driver into "ON" switch. 

Vs 
OFF Isolation = 20log — , Vs = input to OFF switch, Vp = output 

Vd 
Switching times only sampled 
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<^ 



g DG211/DG212 



o 

o 



Switch output waveform shown for Vs = constant with 
logic input waveform as shown. Note the Vs may be + or - 
as per switching time test circuit. Vo is the steady state 
output with switch on. Feedthrough via gate capacitance 
may result in spikes at leading and trailing edge of output 
waveform. 



LOGIC 
INPUT (IN i) 
t, '. 20 n$ 50% 

tf -. 20 ns 



SWITCH 
OUTPUT (Vq) ' 



f 



/ 



-*-1 «on r»- -*- 




«o«2 

WF02730I 



Figure 3: Switching Time Test Circuit 

Logic shown for DG211. Invert for DG212. 



SWITCH 
INPUT 

Si 
Vs = 10V o 



LOGIC 
INPUT 



?VL 



9 v + 



-V<^L_ 




1KU> 36f 



SWITCH 
OUTPUT 
■O Vo 



U 



(REPEAT TEST FOR !N2 IN3 AND IN4) 



Vo = Vs 



Rl + '■DS(on) 



Figure 4: Switching Time Test Circuit 




1 



H 



H 



[? 



H 



^ 



-| L +15V 



H* 




J 



Figure 5: DG212 Schematic (1/4 as shown) 



s 
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DGM181-191 

High-Speed 

CMOS Analog Switch 



GENERAL DESCRIPTION 

The DGM181 family of CMOS monolithic switches utilizes 
Intersil's latch-free junction isolated processing to combine 
the speed of the hybrid DG181 family with the reliability and 
low power consumption of a monolithic CMOS construction. 
These devices, therefore, are a cost effective replacement 
for the DGI61 family. 

The DGM181 family has a high state threshold of 2.4V; 
and a low state of +0.8V. 

Very low quiescent power is dissipated in either the ON or 
OFF state of the switch. Maximum power supply current is 
1 0juA from any supply, and typical quiescent currents are in 
the 10nA range. OFF leakages are typically less than 
200pA at 25X. 

ORDERING INFORMATION 




FEATURES 

• Pin and Function Replacement for DG181 Family 

• l\/leets or Exceeds All DG181 Family 
Specifications With Monolithic Reliability 

• Low Power Consumption 

• InA Leakage From Signal Channel in Poth ON 
and OFF States 

• TTL, DTL, RTL Direct Drive Capability 

• ton> toff < 150ns, Break-Bef ore-Make Action 

• Crosstalk and Open Load Switch Isolation 

> 50dB at 10MHz (75^ Load) 





STANDARD 


STANDARD 


"^^' 




PART 


PART 


TYPE 


NUMBER 


NUMBER 


AT 25°C 


Dual SPST 


DGM181BX 


DGMS181BX 


50 




DGM182AX 


DGMS182AX 


50 




DGM182BX 


DGMS182BX 


75 


Dual DPST 


DGM184BX 


DGMS181BX 


50 




DGM185AX 


DGMS185AX 


50 




DGM185BX 


DGMS185BX 


75 


SPDT 


DGM187BX 


DGMS187BX 


50 




DGM188AX 


DGMS188AX 


50 




DGM188BX 


DGMS188BX 


75 


Dual SPDT 


DGM190BX 


DGMS190BX 


50 




DGM191AX 


DGMS191AX 


50 




DGM191BX 


DGMS191BX 


75 



PACKAGE 

A - 10-PIN METAL CAN , 
L - 14-PIN FLAT PACK 
K - CERAMIC DIP 
J - EPOXY DIP 

TEMPERATURE RANGE 
A - MILITARY, -55°C to 
+ 125°C 

B - INDUSTRIAL -20°C to 
-i-85°C 



DEVICE TYPE 

DRIVER 

CMOS ANALOG DRIVER 






frrfS 

- 4 L ^ — ^ — ' 



'■Sr, 



■E? 



-O V* 



i 



/v i-oV" 



X 



T 



'^ 



NOTE. 1/2 of DGM182 



Figure 1: Functional Diagram (Typical Channel) 
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s DGMia^^idi 



IDMi^DIL 



i 
i 



Metal Can Package 



DUAL SPST (DQM181, 182) 
Fiat Package (FD-2) 



Dual-ln-Line Package 




SitZ 



E-M. 



3 S2 



I :_, , I 

J4 



VlC 



3 ^ 



I 02 

I NO 
I NO 

I IN2 

I V- 



HQNO 



NCE X 

NcE Q 

INiU— y 

v+ |T 
Vl|T 



^ 



jaJNC 
ii]NC 
io] IN2 

3v- 

TJONO 



(OUTLINE DWG TO-100) 



CD000601 
(OUTLINE DWGS DD, PD) 



SWITCH STATES ARE FOR LOGIC "1" INPUT 



DUAL DPST (DGM184, 185) 




Dual-ln-Llne Package 



5 I I 10 



V. C 



5^"^ 



D QND 



laJONO 




(OUTLINE DWG FD-2) 



(OUTLINE DWGS DE, PE) 



SWITCH STATES ARE FOR LOGIC "1" INPUT 

Figure 2: Pin Configuration and Switcliing State Diagram 
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DGM181-191 



D 
O 



t 
(0 



Metal Can Package 



SPOT (DGM187, 188) 
Flat Package (FD-2) 



Dual-ln-Llne Package 




NCC 



NCUZ 

3 

DiCZ 

4 

SiCZI 

s 

inCZI 

v+ I * [ 

7 

Vlcii 



7? Ft 



3 NO 



>--1i 






NO 

02 

S2 
NO 



DQND 




(OUTLINE DWG TO-100) 



CD00110I 

(OUTLINE DWGS DD, PD) 



SWITCH STATES ARE FOR LOGIC "1" INPUT 



DUAL SPOT (DGM190, 191) 



Flat Package 



Dual-In-line Package 




(I 



»N2 (T -n ^^ p g INi 
NC U I I jl NC 

NC {7 



D2 (T 1 ' g D, 



!i (SUBSTRATE) 
E NC 



3 VREF 



(OUTLINE DWG FD-2) 

SWITCH STATES ARE FOR LOGIC "1" INPUT 

Figure 2: Pin Configuration and Switching State Diagram (Cont.) 



(OUTLINE DWGS DE, PE) 
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i DdMl8^^191 



$ ABSOLUTE MAXIMUM RATINGS 



O 
Q 



V^-V" '. 36V, 

V-Vd 33V 

Vd-V" ,. 33V 

Vd-Vs :.. ±22V 

Vl-V" 36V 

Vl-V|n .30V 

Vl-VgnD- 20V 

V|N"VgnD-. : ' 20V 

GND-V"....^ i. 27V 



GND-V|N , 20V 

Current (Any Terminal) , 30mA 

Storage Temperature -65°C to +150°C 

Operating Temperature -55°C to + 1 25°C 

Lead Temperature (Soldering, 10sec) 300°C 

Power Dissipation* 450 (TW). 750 (FLAT), 

825(DIP)mW 

•Device mounted with all leads welded or soldered to PC board Derate 
6mW/°C (TW): 10mW/X (FLAT); 11mW/°C (DIP) aboye 75°C. 



Stresses above those listed under Absolute Maximum Ratings may cause permanent, damage to the device These are stress ratings only, and functional 
operation of the device at these or any other conditions ^bove tho^e indicated in the operational sections of the specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 



ELECTRICAL CHARACTERISTICS (V^ 



+ 15V. V- 



-16V, Vl = 5V, unless noted) 



PARAMETER 


DEVICE NO, 


TEST CONDITIONS 
(Note 1) 


A SERIES 


B SERIES 


UNIT 


-55X 


+ 25X 


+ 125'C 


-20X 


+ 25°C 


+ 95X 


SWITCH 
















IS(ofO 


DGM181, 184. 187, 190 


Vs = 7.5V, Vd= -7.5V 
V|N = "OFF' 




±1 


100 




±2.0 


200 


nA 


DGM182, 185, 188, 191 


Vs = 10V, Vd=-10V 
ViN = "OFF" 




±1 


100 




±2 


200 


nA 


iD(off) 


DGM181, 184, 187, 190 


Vs = 7.5V, Vd=-7.5V 
V,N = 'WF" 




±1 " 


100 




±2 


200 


nA 


DGM182, 185, t8fe, 191 


Vs=10V, Vd=-10V 
Vir^ = "OFF- 




±1 


100 




±2 


200 


nA 


iD(on) + IS(on) 


DGM181, 184, 187, 1^0 


Vd = Vs=-7.5V, V|n = "ON" 




±2 


±200 




±5 


500 


nA 


DGM182, 185, 188, 191 


VD = ys=-10V, V|N = "ON" 




±2 


±200 




±5 


500 


nA 


INPUT 1 


IjNL 


ALL 


ViN^OV 




±1.0 


20 




10 


20 


mA 


l|NH 


ALL , , 


V|N = 5V 




±1.0 


20 




10 


20, 


mA 


DYNAMIC 1 


ton 


DQM181, 184, 187, 190 
DGM182, 185, 188, 191 


See switching time test circuit 




450 






600 




ns 


toff 


ALL 




' 250 






275 




Cs(off) 


DGM181, 182, 184, 185, 
187, 188, 190, 191 


Vs= ^5V, Id = 0, f =1MHz , 


5pF typical 


pF 


CD(off) 


Vd= +5V, Is'O, f = 1MHz 


6pF typical 


CD(on) + Cs(on) 


Vd = Vs = 0, f=1MHz 


llpF typical 


OFF Isolation 


Rl = 75a Cl = 3pF 


Typically > 50dB at 10MHz 


SUPPLY 1 


1^ 


ALL 


V,N = 5V 


10 


10 


100 




100 




mA 


r 


ALL 


10 


10 


100 




100 




IL 


ALL 


10 


10 


100 




100 




Ignd 


ALL 


10 


10 


100 




100 




1^ 


ALL 


V|N = OV 


10 


10 


100 




100 




r 


ALL 


10 


10 


100 




100 




IL 


ALL 


10 


10 


100 




100 




Ignd 


ALL 


10 


10 


100 




100 





Note 1: See Switching State Diagrams for Vim and V|n "OFF" Test Conditions. 
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DGM181-191 

ELECTRICAL CHARACTERISTICS MAXIMUM resistances rDS(ON) 



DEVICE 
NUMBER 


CONDITIONS (Note iy 
V+ =15V,V-=-15V,Vl = 5V 


MILITARY TEMPERATURE 


INDUSTRIAL 
TEMPERATURE 


UNIT 


-55X 


+ 25X 


+ 125X 


-20X 


+ 25''C 


+ 85X 


DGM181 
DGM182 
DGM184 
DGM185 
DGM187 
DGM188 
DGM190 
DGM191 


Vd=-7.5V 
Vd=-10V 
Vd= -7.5V 
Vd= -10V 
Vd=-7 5V 
Vd=-10V 
Vd=-7.5V " 
Vd==-1,0V 


Is = -10mA 
ViN = "ON- 


50 
30 
50 
30 
50 
30 
50 


50 
30 
50 
30 
50 
30 
50 


75 

60 . 

75 

60 

75 

60 

75 


50 
75 
50 
75 
50 
75, 
50 
75 


50 
,75 
50 
75 
50 
75 
50 
75. 


75 
100 
75 „ 
100 

. 75.V. 

10b 

75 
100 





o 



00 



APPLICATION COMMENT: The charge injection in these switches is of opposite polanty to that of the standard DQIQO family, but considerably 
smaller. 



SWITCHING TIME TEST CIRCUIT 



Switch output waveform shown for Vs = constant with 
logic input waveform as shown. Note that Vs may be + or 
- as per switching time test circuit. Vq is the steady state 
output wkh switch on. Feedthrough via gate capacitance 
may result in spikes at leading and trailing edge of output 
waveform. 



LOGIC 

INPUT 

tr<10ns 

tf<10n8 



'^ f 



SWITCH vs- 
INPUT 



SWITCH « 
OUTPUT 



0.9Vo 



y 



-0.9Vo 



0.1 vo 



-ton 



toff 



Figure 3: Logic Input for "OFF" to "ON" Condition (DGM181/182 Shown) 



SWITCH Si 
INPUT o- 



LOGIC 
INPUT 



INi 
-O— 



Vl 
9 5V 



Pl5V 



^. 



CH>-^ 



D1 
-O- 



SWITCH 
OUTPUT 



rl: 



-O Vq 



J!L_ 



4:cl vo = Vs^— - 

"l + 'DS(ON) 



(REPEAT TEST FOR 
-15V ALL CHANNELS) 



Figure 4: Switching Time Test Circuit 
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i IIQMI8i-191 



« SWITCH STATES 

O DUAL SPST DGM18l/t82 

O TEST CONDITIONS 



DUAL DPST DGM184/185 

TEST CONDITIONS 



DGM181/182 




DGM184/185 


V|N "ON" = 0.8V 
V|N "OFF" = 2.4V 


All Channels 
All Channels 


VjN "ON" = 2.4V 
V|N "OFF" = 0.8V 


All Channels 
All Channels 


DGM187/188 

TEST CONDITIONS 


DUAL SPOT DGM190/191 

TEST CONDITIONS 


DGM187/188 




DGM190/191 


V|N "ON" - 2.4V 
V|N "ON" = 0.8V 
V|N "OFF" = 2.4V 
V|N "OFF" = 0.8V 


Channel 1 
Channel 2 
Channel 2 
Channel 1 


V|N "ON" = 2.4V 
V|N "ON" = 0.8V 
VjN "OFF" = 2.4V 
VjN "OFF" = 0.8V 


Channels 1 & 2 
Channels 3 & 4 
Channels 3 & 4 
Channels 1 & 2 
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G115/G123 

4 and 6-Channel MOSFET Switch 




GENERAL DESCRIPTION 

These switches may be connected directly to the INTER- 
SIL switch-driver D123 series without the need of any 
interfacing components, and are internally protected by a 
Zener diode integrated on the silicon chip. A MOSFET used 
as a current source provides an active pull-up for faster 
switching capability. The active pull-up FET can be disabled 
without sacrificing the Zener protection of the gates. 

ORDERING INFORMATION 

G115 A K 



Package 
- J — Plastic DIP 
K — CERDIP 
L — Flat Package 
P — Ceramic DIP (Special Order Only) 



FEATURES 

• Integrated MOSFET Constant-Current Sources for 
Open Collector Driver Pull-up 

• Integrated Zener Diode Protection for Both 
Positive and Negative Spike Protection 

• P-Channel Enhancement-Type Switches 



PI 

^^ 

O 
10 



Temperature Range 

A — Military (-SS^C to +125X) 
B — Industrial (-aCC to +85°C) 
C — Commercial (OX to + 70°C) 

' Device Chip Type 

NOTE: Plastic package available in commercial and industnal temperature ranges only. 



G115 (PE, JE) 



TT 



TT 



n 



■JT- 



n 



&9 bp 79 99 



s^-rji- - - - - 



-m- 



n 



JT- 



n 



-T^ 



jxu 




— o^io_ 



-^<. 



6 36 4d 5d 60 76 



G123 (JD-PD) 



n 



n 



n 






■JIL 



r: 



59 89 



T 



^3 



— o<fo— 



^<- 



-^. 



-r 



26 36 46 56 



Figure 1: Functional Diagrams and Pin Configurations (Outline Dwgs DD, FD-2, JD, PD) 




NOTE: Gil 5 Built-in 16-Pin DIP Only. 



3-45 
Note: All typical values have been guaranteed by characterization and are not tested. 



2r AiSOLUTE MAXIMUM RATINGS (25°c) 

Source Current (Is) 100mA 

Drain Current (Ip) tbOmA 

Gate Current (Iq) ; 5mA 

Pull-up Control Current (Ip) ...lOOjuA 

Body to Source (Vb-Vs) -2V to +25V 

Body to Drain (Vb-Vd).:.. :...-2V to +25V 



Body to Gate (Vb-Vq) +35V 

Body to Pull-up (Vb-Vp) ^ ....+35V 

Power Dissipation 

(derate 10mVV/°C above 70°C) 750mW 

Lead Temperature (Soldering, 10sec) 300°C 



Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings only, and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to 
absolute maximum rating conditions for extended penods may affect device reliability. 

ELECTRICAL CHARACTERISTICS (per channel unless noted) 



DEVICE 


PARAMETER 






LIMITS 


TEST CONDITIONS 


-20X 


25X 


SS^'C 


MIN/ 
MAX 


UNIT 


G115 
and 

G123 


Rds(ON) 


VbD = 0. Vgd=-30V 


is = 

1mA 


125 


125 


150 


Max 


a 


Vbd= +10V, Vgd=-20V 


250 


250 


300 


Vbd= +20V, Vgd=-10V 


500 


500 


600 


Id(Off) 


Vds=-20V, Vbs = Vgs = Vps = 




-10 


-500 


Max 


nA 


IS(OFF) 


VsD = -20V, Vbd = Vgd == Vrd = 




-5 


-100 


Max 


nA 


Iqbs 


Vgb=-20V, Vdb = Vsb = Vpb = 




-5 


-100 


Max 


nA 


Ig(ON) 


Vgb = -30V, VpB = -30V, Vdb = 




-0.8 




Mm 


mA 




-2.4 




Max 


VGS(th) 


ls= -lO/LxA, Vdg = 0, 
Vbs = Vps = 


-1.5 


-1.5 


-1 5 


Mm 


V 


-4 


-4 


-4 


Max 


BVOSS 


|p=_10;uA. :vgb = vbs = Vps = o 


-25 


-25 


-25 


Min 


V 


BVsDS 


'. Is = - lOjuA, Vqd = Vbd = Vpd = o 


-25 


-25 


-25 


Min 


V 


,BVgbs 


Ig=-iomA, Vdb = Vsb = Vpb = o 


-35 


-35 


-35 


Mm 


V 


-110 . 


-110 


-110 


Max 


V 


BVpBS 


Ip=-10mA, Vdb = Vsb = Vgb = 


-35 


-35 


-35 


Min 


V 


-110 


-110 , 


-110 


Max 


V 


'Cgs,,Cgd 


Vgb = 0. VsB = o. Vdb = o, Vpb = o 
f = 1MHz, Body Guarded 




3* 




Typ 


PF 


Cos" 




4* 




Typ 


PF 


G115 


Gdb 


Vdb=-5V, Vsb = Vgb = Vpb = 
f=1MHz 




18* 




Typ 


pF 


G123 




9* 




Typ 


pF 


Both 


CSB 


Vsb = -5V, Vdb = o, Vqb = Vpb = o 

f=1MHz 




3.5* 




Typ 


pF 



Typical values not garanteed or tested in production 

TYPICAL PERFORMANCE CHARACTERISTICS 
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G115/G123 

APPLICATION TIPS 
Description of Analog Switch 



Single Channel 



PULL UP O - • ' M" 



^^ 



Figure 3 



G-Terminal — This is the control terminal of the switch. 
The voltage at this terminal determines the conduction 
state of Q2. To insure conduction of Q2 when voltages 
between ±10V are switched, the gate voltage (Vq) should 
be at least 10V more negative than the most negative 



voltage to be switched (-10V). Therefore, Vq should go to q 
-20V. To insure turn-off Vq should not be less than the ^ 
most positive voltage to be switched, +10V. For cohvbr 2 
nience the same potential as the body could be used. 

B-Termlnal — This terminal is <;onnectf6 tp the body 
(substrate) of the chip and must be maintained at a voltage 
that is equal to or greater ttian the most jsjpsitive voltage to 
be switched. This is to ensure that the drain-to-body or the 
source-to-body junctions do not become forward biased. 

P-Termlnal — The potential, with respect to the body, at 
this terminal determines the gate-ta-source voltage of Qi 
which determines the amount of drain current available for 
driver-collector pull-up. Shorting terminal P to B prevents 
Ql and Q3 from conducting, but still allows the body-to- 
drain junction of Qi to act as a fonvard biased diode for 
positive gate voltages, and to act as a Zener diode for 
negative voltages which exceed BVdss (-30 to -90V) for 
protecting the gate of Q2. 

D-Terminal — The common point of the MOSFET 
switches (summing point). 

S-Terminal — This is the normally-open terminal of the 
MOSFET switch and is normally used as the input. 



APPLICATIONS 



Channel Multiplexer 



-oN- 



^V- 



-^>>^ 



.>J 



=^^^ 




Dual Current-to-Voitage Converter With Range 
Programming 



E 



-*v- 



-<»>^ 



^ 







AF03090I 

Figure 4 
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£ GUBymiB, G119 

^. Monolithic 

S MOSFET switch 

? GENERAL DESCRIPTION 

(3 These switches may be connected directly to the INTER- 
SIL switch-driver D123 series without need of any interfac- 
ing components. These MOSFET switches are internally 
protected by a Zener diode integrated on the silicon chip. A 
MOSFET used as a current source provides ari active pull- 
up for faster switching. The active pull-up FET can be 
disabled without sacrificing the Zener protection of the 
gates. 

ORDERING INFORMATION 




FEATURES 

• P-Channel Enhancement-Type MOSFET Switches 

• Zener Protection on Ail Gates 

• With and Without Constant Current Source Puli- 
Up 



G116 M 



Package 
J - 14-pin Plastic DIP 
K - 14-pin CERDIP 
, L - 1 4-pin Flat Package 
P - 14-pin Hermetic DIP 
(Special Order Only) 

Temperature Range 
A - Military. (-55°C to +125X) 
B - Industrial (-20°C to +85°C) 

Device Chip Type 



G116 



G118 



17 



TT 
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XT 
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-^ 
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j^ 



Figure 1: Functional Diagrams (Outline Dwgs PD, JD, FD-2, DD) 
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G116, G118, G119 



0> 



Power Dissipation (Note) 750mW fi 

Storage Temperature ....-55°Cto +150°C o 

Operating Tenriperature -50°C to + 1 25*C S 

Lead Temperature (Soldering, 10sec) 300°C <0 



ABSOLUTE MAXIMUM RATINGS (25X) 

Source Current (Is) 100mA 

Drain Current (Id) 100mA 

Control Gate Current Iq 5mA 

Pull-Up Gate Current Ir lOO/iA 

Body Voltage (Vb) to Any Terminal -2 to +30V 

NOTE: Dissipation rating assumes device Is mounted with all leads welded or soldered to printed circuit board in ambient temperature below +70°C. For 

higher temperatures, derate 10mW/°C. 
Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings only, and functional 
operation of the device at these or any other conditions above those indicated in the operational sections d1 the specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 

ELECTRICAL CHARACTERISTICS (Per Channel Unless Noted) 
References to pull-up gate P do not apply to G118. 



PARAMETER 






LIMITS 


TEST CONDITIONS 


G116M SerM 


G116C Series 


MIN/MAX 


UNIT 


25''C 


125X 


25*'C 


125X 


rDS(ON) 
(Note 1) 


VbD = 0, Vgd=-30V, VpB = 


is = 

-1mA 


100 


.125 


125 




Max 


Q, 


Vbd = + 10V, Vgd = -20V, VpB = 


200 


250 


250 




Vbd= +20V, Vgd = -10V, Vpb = o 


450 


600 


600 




IS(OFF) 


VsD = -20V. Vbd = Vgd = Vpd = o 


-0.5 


-500 


-1 




Max 


nA 


ID(OFF) 


Vds=-20V 


G116 


-2.5 


-2500 


-5 




Max 


nA 


Vbd = Vgd = Vpd = o 


G118 


-3.0 


-3000 


-6 






G119 


-1.5 


-1500 


-3 




VgiB to Vg5B = 0, Vg6B = -30V, 
Vdb=-20V, VsB = VpB = 


G117 


-0.5 


-500 


-1 




Max 


nA 


BVpsS 


Id = -IOmA, Vgs == Vbs = Vps = o 


-30 




-30 




Min 


V 


BVsDS 


iS= -lOM, vgd = Vbd = Vpd = o 


-30 




-30 




Mm 


bvgbs 


Ig = - lOjuA, VpB = VSB = Vdb = 


-30 




-30 




Mm 


-tio 




-110 




Max 


BVpBS 


Ip = - lOjuA, Vgb = VsB = Vdb = 


-30 




-30 




Min 


-110 




-110 




Max 


VGD(th) 


Is = - 10/uA, Vds = - 10V, VsB = 


-1.5 




-1.5 




Min 


-4 




-4 




Max 


IgS(ON) 
(Note 2) 


Vgb = -30V, VpB = -30V, VsB = Vdb = 


-0.5 




-0.3 




Min 


mA 


-2 




-2.5 




Max 


<GSS 


Vgb = -20V, Vds = Vbs = Vps = o 


-0.5 


-500 


-1 




Max 


nA 


Cgd or Cgs 


VpB = 0, Vbs = 0, or Vbd = o 
Body Guarded. f=1MHz 


3 




3 




Typ 


PF 


CsD (Note 3) 


0.4 




0.4 




Typ 


PF 


CsB (Note 3) 


VpB = Vgb = Vdb = o, Vsb = -5V, f = i mhz 


-3.5 




-3.5 




Typ 


pF 


Cdg (Note 3) 


Vpb = Vgb = Vsb = o 

Vdb=-5V, f=1MHz 


G116 


18 




18 




Typ 


pF 


G118 


18 




18 




G119 


10 




10 




VG6B = -30V, VpB = Vsb = 0. Vgib to 
VG5B = 0. Vdb=-5V. f=1MHz 


G117 


20 




20 




Typ 


pF 




NOTES: 



1. For the G117 this is the resistance from each of the source terminals (5 terminals) and the one drain terminal to the internal 

junction of the output MOSFETs. 
2: Not applicable to G118. 
3: Typical values not guaranteed or tested in production. 
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g GliiB, 6118, G119 



f TYPICAL PERFORMANCE CHARACTERISTICS 
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APPLICATION TIPS 

Description of Analog Switcli 



-V 



P 



H^ 



Figure 2: Single Channel 



G-Terminal — This is tiie control terminal of the switch; the 
voltage at this terminal determines the con- 
duction state of Q2. To insure conduction of 
Q2 when voltages between ±10V are 
switched, the gate voltaige (Vq) should be at 
least 10V more negative than the most 
negative voltage to be switched (-10V). 
Therefore, Vg should go to -20V. To insure 
turn-off Vq should not be less than the most 
positive voltage to be switched, + 10V. For 
convenience the same potential as the body 
could be used. 



B-Terminal — This terminal is connected to the body (sub- 
strate) of the chip and must be maintained at 
a voltage that is equal to or greater than the 
most positive voltage to be switched. This is 
to insure that the drain-to-body or the 
source-to-body junctions do not become for- 
ward biased. 

P-Terminal — The potential, with, respect to the body, at 
this terminal determines the gate-to-source 
voltage of Qi which determines the amount 
of drain current available for driver-collector 
pull-up. Shorting terminal P to B prevents Qi 
and Q3 from conducting, but still allows the 
body-to-drain junction of Qi to act as a 
foHA^ard biased diode for positive gate volt- 
ages, and to act as a Zener diode for 
negative voltages which exceed B Vpss ( - 30 
to -110V) for protecting the gate of 62. 

D-Terminal — The common point of the MOSFET switches 
(summing point). 

S-Termlnal — This is the normally-open terminal of the 
MOSFET switch and is normally used as the 
input. 



3-50 
Note: All typical values have been guaranteed by characterization and are not tested. 



G116, G118, G119 

APPLICATIONS 
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Figure 3: 5-Channel Multiplexer 
With Series Switch 
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Figure 4: 3-Channel Differential Multiplexer 
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g IH311/IH312 

S High Speed SPST 

^ 4-Channel Analog Switch 



GENERAL DESCRIPTION 

The IH311 and IH312 are CMOS; monolithic, QUAD, 
SPST analog switches for use in high-speed switching 
applications for communications, instrumentation, process 
control and computer peripherals. Both devices provide true 
bi-directional performance in the ON condition and will 
block signals to 30V peak-to-peak in the OFF condition. The 
IH31 1 and IH312 differ Only in that the digital control logic is 
Inverted, as shown in the truth table. 

IH311 and IH312 are available in 16-pin Dual-ln-Line 
packages and are offered in both military and commercial 
temperature ranges. 




FEATURES 

• Switches ±15V Analog Signals 

• TTL Compatibility 

• Logic Inputs Accept Negative Voltages 

• Ron ^ 175 Ohm 

ORDERING INFORMATION 



PART NUMBER 


TEMPERATURE 
RANGE 


PACKAGE 


IH311MJE 


-SS'^C to +125*'C 


16 Pin CERDIP 


IH311CJE 


OX to +70X 


16 Pin CERDIP 


IH311CPE 


0^'C to +70X 


16 Pin Plastic DIP 


IH312MJE 


-55X to ^las^'c 


16 Pin CERDIP 


IH312CJE 


O^C to +70**C 


16 Pin CERDIP 


IH312CPE 


OX to +70X 


16 Pin Plastic DIP 



IH311 



IH312 



tNi 



I |-oDi 

IN2 0-— r''V4>-- 



'N4 0"--|'3~^' 



>Si 



S2 



D2 
0S3 



«N2 0--"|[[^--^ ^ 



1N30-— j^^-^--/ 1N30-— £^— ^^ — 7 

1N40 — r^~~^~7 



D3 

■0S4 



I 0S1 



^ — h>Di 

S2 



-0D2 
-0S3 



■0D3 
OS4 



-0D4 



Di[T 

Si[T 

v-E 

GNO[r 

S4[I 

IN4[T 



DUAL-INLINE PACKAGE 
^ 



igiNz 

15|D2 

13] V^ (SUBSTRATE) 

12]Vi(+5V) 

HI S3 

1IID3 



TOP VIEW 



CD03530I 

Four SPST Switches per Package 

Switches Shown for Logic "1" Input 
Truth Table 



Figure 2: Pin Confiauration 
(Outline dwgs DE, PE) 



LOGIC 


IH311 


IH312 



1 


ON 
OFF 


OFF 
ON 



Logic "0" < 0.8V 
Logic "1">2.4V 

Figure 1: Functional Diagram 
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307040-001 



IH311/IH312 



ABSOLUTE MAXIMUM RATINGS 

V^ to V" 36V 

V|N to Ground V"^, V^ 

Vl to Ground ~0.3V, 25V 

Vs or Vd to V^ 0, -36V 

Vs or Vd to V" 0, 40V 

V"^ to Ground 25V 

V" to Ground -25V 

Current, Any Terminal Except S or D 30mA 

Continuous Current, S or D 20mA 



Peak Current, S or D 

(Pulsed at 1msec, 10% duty cycle max) 70mA 

Storage Temperature -^65X to +125T 

Operating Temperature -SSX to +125X 

Power Dissipation (Package)* 
16 Pin Plastic DIP** 470mW 

* Device mounted with all leads soldered or welded 
to PC board.. 
**Derate 6.5mW/°C above 25°C 



Z 




s 

10 



ELECTRICAL CHARACTERISTICS — MILITARY TEMPERATURE RANGE 



SYMBOL 


PARAMETER 


TEST CONDITIONS 

Vi = +15V, V2=-15V 

Vl = 5V, GND 


LIMITS 


UNIT 


-55X 


+ 25X 


+ 125*'C 


SWITCH 


Vanalog 


Analog Signal Range 


V- = -15V, Vl= +5V 




±15 




V 


Rds(on) 


Dram-Source On Resistance 


Vd = ±10V, V|n = 2.4V — IH312 
Is = 1mA, V|N = 0.8V -- IH311 


125 


125 


150 


a 


IS(off) 


Source OFF Leakage Current 


V|N = 2.4V 
IH311 
V,N = 0.8V 
IH312 


Vs = 14V, Vd=-14V 




±1 


100 


nA 


Vs=-14V. Vd=14V 




±1 


100 


iD(off) 


Dram OFF Leakage Current 


Vd=14V, Vs= -14V 




±1 


100 


VD--14V, Vs=14V 




±1 


100 


Id(on) 


Dram ON Leakage Current^ 


Vs = Vd= -14V, V|N = 0.8V, IH311 
V|N = 2.4V, IH312 




±2 


200 




±2 


200 


INPUT 


IjNH 


Input Current With Input 
Voltage High 


V|N = 2.4V 


10 


±1 


10 


ma 


V|N=15V 


10 


±1 


10 


IjNL 


Input Current With Input 
Voltage Low 


V|N = OV 


10 


10 


10 
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o 

1 

I 



imiifimn 



DYNAMIC 



ton 


TiUrn-ON Time 


See Switching Time Test Circuit 
Vs = 1 0V, Rl = 1 kA Cl = 35pF 




200 


i , • 


t ns 


toffi 

toff2 


Turn-OFF Time 




80 










CS(off) 


Source OFF Capacitance 


Vs*OV: V|N*5V, f=1MH2 
Vd = OV, V|n = 5V, f=1MHz2 
Vd = Vs = OV, V|N = OV, f = 1MHz 




5 




PF 


CD(off) 


Drain OFF Capacitance 




5 




CD + S(on) 


Channel ON Capacitance 




16 




OIRR 


OFF isolation'^ 


V|N«5V, RL=1ka 

Cl = 15pF, Vg = 1VRMS. f = 100kHz 2 




70 




4 
, dB 


CCRR 


Crosstalk 

(Channel to Channel) 




90 




SUPPLY 


1 + 


Positive Supply Current 


VlN = and 2.4V 


10 


1 


10 


piA 


r 


Negative Stipply Current 


10 


1 


10 


•l 


Logic Supply Current 


10 


1 


10 



1 . The algebraic convention whereby the most negative value is a minimum, and the most positive is a maximum, is used in this data 
sheet. 

2. For design reference only, not 100% tested. 

3- iD(on) is leakage from driver into "ON" switch. 

Vs 
4. OFF Isolation = 20log — ^ , Vs = input to OFF switch, Vp - output. 
Vd 
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IH311/IH312 



^ ABSOLUTE MAXIMUM RATINGS 



V^ to V- 

V|N to Ground V"*", 

Vl to Ground -0.3V, 

Vs or Vd to V+ 0, - 



36V 

v-^ 

25V 
36 V 



Vs or Vd to V" 0, 40V 

V"*" to Ground 25V 

V to Ground -25V 

Current, Any Terminal Except S or D 30mA 

Continuous Current, S or D 20mA 



Peak Current, S or D 

(Pulsed at 1msec, 10% duty cycle max). 70mA 

Storage Temperature -65°C to +125°C 

Operating Temperature 0°C to +70°C 

Power Dissipation (Package)* 
16 Pin Plastic DIP** 470mW 

* Device mounted with all leads soldered or welded 
to PC board. 
** Derate 6.5mW/X above 25**C 



ELECTRICAL CHARACTERISTICS — COMMERCIAL TEMPERATURE RANGE 



SYMBOL 


PARAMETER 


TEST CONDITIONS 

Vi= +15V, V2=-15V, 

Vl = 5V, GND 


LIMITS 


UNIT 


+ 25X 


+ 70X 


SWITCH 


Vanalog 


Analog Signal Range 


V- = -15V, Vl= +5V 


±15 




V 


Rds{on) 


Dram-Source On Resistance 


Vd = ± 1 0V, V|N = 2.4V — IH21 2 
Is = 1 mA, V|N = 0.8V — IH21 1 


150 


175 


a 


IS(off) 


Source OFF Leakage Current 


V|N = 2 4V 
IH311 
V|N = 0.8V 
IH312 


Vs=14V, Vd=-14V 


±5 


100 


nA 


Vs=-14V. Vd = 14V 


±5 


100 


'D(off) 


Dram OFF Leakage Current 


Vd = 14V, VS--14V 


±5 


100 


Vd=-14V, VS-14V 


±5 


100 


Id(ON) 


Dram ON Leakage Current^ 


Vs = Vd = - 14V, V|N = 0.8V, IH21 1 
V|N = 2 4V, IH212 


±5 


200 


±5 


200 


INPUT 


IjNH 


Input Current With Input 
Voltage High 


V|N = 24V 


±1 


-10 


mA 


V|N = 15V 


±1 


10 


IjNL 


Input Current With Input 
Voltage Low 


V,N=0V 


±1 


-10 


DYNAMIC 


ton 


Turn-ON Time 


See Switching Time Test Circuit^ 
Vs=10V, RL=1ki7. CL = 35pF 


300 




ns 


toffi 
toff2 


Turn-OFF Time 


150 








Cs(off) 


Source OFF Capacitance 


Vs = OV, V|N = 5V, f = 1 MHz 
Vd = OV, V|n = 5V, f=1MHz2 
Vd = Vs = OV, V|N = OV, f = 1MHz 


5 




PF 


CD(off) 


Dram OFF Capacitance 


5 




Cd + S(on) 


Channel ON Capacitance 


16 




OIRR 


OFF Isolation"^ 


V|N = 5V, RL=1kn, CL = 15pF, 
Vs = 1VRMS, f =100kHz2 


70 




dB 


CCRR 


Crosstalk 

(Channel to Channel) 


90 




SUPPLY 


1 + 


Positive Supply Current 


V|N = and 2.4V 


±1 


10 


mA 


r 


Negative Supply Current 


±1 


-10 


IL 


Logic Supply Current 






±1 


10 




NOTES: 1. The algebraic convention whereby the most negative value is a minimum, and the most positive is a maximum, is used m this data 
sheet. 
2. For design reference only, not 100% tested. 
3- iD(on) IS leakage from driver into "ON" switch. 

Vs 
4. OFF Isolation = 20log — , Vs = input to OFF switch, Vd = output. 

Vd 
5 Switching times only sampled. 
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IH311/IH312 



Switch output waveform shown for Vs - constant with 
logic input waveform as shown. Note the Vs may be + or - 
as per switching time test circuit. Vq is the steady state 
output with switch on. Feedthrough via gate capacitance 
may result In spikes at leading and trailing edge of output 
waveform. 



LOGIC 
INPUT (IN 



t, < 20 n% 
tf < 20 ns 



50% + 

A V 



SWITCH w 
INPUT ^ 

SWITCH 
OUTPUT (Vq) 



/ 



J 



9 Vq 






^offl 




«off2 



ic 



Figure 3: Switching Time Test Circuit 

Logic shown for IH311. Invert for [H312. 
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IH311/IH312 



s 



s 



SWITCH 
INPUT 

Si 

Vs = 10V o 



LOGIC 
INPUT 



INi 



^ 



+ 5V 



GND 



1, 

OV 
Vo = Vs 



+ 15V 



Qvl v+ 





SWITCH 
OUTPUT 

O Vo 



36pF 



17- 



(REPEAT TEST FOR IN2 IN3 AND IN4) 



-15V 



Rl 



Rl + rDS(on) 
Figure 4: Switching Time Test Circuit 
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I iliiiii;^iWii2 



S 

'S 



h H 



TTL 

iNo — vw — rHK 



1 



H 



;r 



H* 



t 



^^ +15V 



1 



h 



'E 



e 






Figure 5: IH311 Schematic (1/4 as shown) 




[OUTJ 

LD01270I 
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IH401/IH401A 

QUAD Varafet Analog Switch 



GENERAL DESCRIPTION 

The IH401 is made up of 4 monolithically constructed 
combinations of a varactor type diode and an N-channel 
JFET. The JFET itself is very similar to the popular 2N4391 , 
and the driver diode Is specially desighed, such that its 
capacitance is a strong function of the voltage across it. 
The driver diode Is electrically in series with the gate of the 
N-channel FET and simulates a back-to-back diode struc- 
ture. This structure is needed to prevent forward biasing the 
source-to-gate or drain-to-gate junctions of the JFET when 
used in switching applications. 

Previous applications of JFETs required the addition of 
diodes, in series with the gate, and then perhaps a gate-to- 
source referral resistor or a capacitor In parallel with the 
diode; therefore, at least 3 cojTiponents were required to 
perform the switch function. The IH401 does this same job 
In one component (with a great deal better performance 
characteristics). 

Like a standard JFET, to practically perform a solid state 
switch function a translator should be added to drive the 
diode. This translator takes the TTL levels and converts 
them to voltages required to drive the diode/ FET system 
(typically a OV to - 1 5V translation and a 3V to + 1 5V shift). 
With ±15V power supplies, the IH401 will typically switch 
18Vp.n at any frequency from DC to 20MHz, with less than 
30n RDS(on)- The IH401A will typically switch 22Vp.p with 
less than 50^ RDS(on)- 




FEATURES 

• RDS(on) = 25n Typical (IH401) 

• iD(off) Of lOpA Typical 

• Switching Times of 25ns for ton and 75ns for 
toff (fit =1kn) ; 

•■ Built-in Overvolta'ge Protection (±25V) 

• Charge Injection Error of 3mV Typical Into 
0.01/uF Capacitor 

• C|ss < IpF Typical 

• Can Be Used for Hybrid Construction 

ORDERING INFORMATION 



I 



PART NUMBER 


PACKAGE 


IH401 


CERDIP 


IH401A 


CERDIP 


IH401/D 


DICE 




E 


s, \^ 




E 


H 


oi -X- -« 


r S4 


i 


[3 




DR4 


E 


E 


DR2 


DR3 




E 


^ 


k S3 


B 


E 


°2 


°3 


\^ 


E 






B 



■ CD03Q80I 

Figure 1: Pin Configuration 
(Outline Dwg JE) 
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AisbtUTE MAxiiOlM RATINGS 



Vs to Vd .,.v...j... 35V 

Vg to Vs, Vd !::.:, ..:36V 

Operating Temperature ! . . .... - 55^*0 to + 1 25°C 



I 



Storage Temperature * .... .^ ......... . -65°C tp +1 50°C 

Lead Temperature (Soldering, 1 0sed) .:....... ; .300X 



Stresses above those listedl under Absqlut*^- Maximum Ratings inay cause permanent damage to. the .device. These, are stress ratings only, and functional 
operation of the device at these or any other conditions above those indicated in the operational, sections of the specifications is not implied. Exposure to 
absolute maximurn rating conditions for extein^e|d periods may affect device reliability. 

ELECTRICAL CHARACTERISTICS AT 25°C/125°C 



SYMBOL 


CHARACTERISTIC 


TEST CONDITIONS 


IH401 


Unit 


MIN 


TYP 


MAX 


RDS(on) 


Switch "on" Resistance 


YdRIVE = 15V, 
Vdrain=-7.5V Id = 10mA 




20 ' 


30 


a 


Vp 


Pinch-Off Voltage 


lD = 1nA, Vds=10V 


3 


6 


7.5 


V 


'D(o^^) 


Switch "off" Current 
or "off" Leakage 


VdRIVE=-15V, 

VsOURCE=-7.5V, 

VdrAIN=+7.5V 




10 


±500 


pA 


iD(off) 


Switch "off" Leakage 
at 125^C 


VdRIVE=-15V, 
VsOURCE=-7.5V, 
VdRAIN=+7.5V ,^ 




0:25 


50 


nA 


'S(off) 


Switch "off" Current 


VdRIVE = -15V, 
VdRAIN = -7.5V, 
VS0URCE=+7.5V 




10 


±500 


pA 


•S(off) 


Switch "off" Leakage 
at 125X 


VdRIVE=-15V, 
VsoURCE = -7.5V, 
VDRAINr +7.5V 




0.3 


50 


nA 


iD(on) + !S(on) 


Switch Leakage when 
Turned "on" 


Vd = V^=-7.5V, 
VDRIVE-+15V 




0.02 


±2 


nA 


Var^aiog 


AC Input Voltage Range 
without Distortion 


See Figure 3= 


15 


18 




Vp.p 


Vinject 


Charge Injection Error 
Voltage 


See Figure 4 




3 




mVp.p 


BVdiode 


Diode Reverse 
Breakdown Voltage. This 
Correlates to Oven/oltage 
Protection 


Vd = Vs = -V, 
•drive = imA,: 
Vdrive-ov 


-30 


-45 




V 


BVqss 


Gate to Source or Gate 
to Drain Reverse 
Breakdown Voltage 


Vdrive = -V, 

Vd«Vs = OV, y. 

•drive = imA 


30 


41 




V 


loss 


Maximum Current Switch 
can Deliver (Pulsed) 


Vdrive = 15V, 

Vs'=,OV, 
Vd= +10V 


45 


70 




mA 


ton 


Switch "on" time .. 
(Note 1) 


See Figure 2 




50 




ns 


toff 


Switch "off" time 
(Note 1) 


See Figure 2 




150 




ns 



NOTE 1: Driving waveform must be > 100ns nse and fall time 



3-60 
Note: All typical values have been guaranteed by characterization and are not tested. 



IH401/IH401A 



/ 



M- 



-STROBE INPUT 




Figure 2: Switching Time Test Circuit and Waveforms 




Figure 3: Analog Input Voltage Range 
Test Circuit 



Hf 



^ 



1 



C-OOI/iF 



Figure 4: Charge Injection Test Circuit 



ELECTRICAL CHARACTERISTICS AT 25°C/125X 



SYMBOL 


CHARACTERISTIC 


TEST CONDITIONS 


IH401A 


UNIT 


MIN 


TYP 


MAX 


RDS(on) 


Switch "on" Resistance 


Vdrive = 15V, 
Vdrain=-iov. Id = 10mA 




35 


50 


a 


Vp 


Pinch-Off Voltage 


lD = 1nA, Vds = 10V 


2 


4 


5 


V 


iD(off) 


Switch "off" Current 
or "off" Leakage 


Vdrive = -15V, 

VSOURCE=-10V, 

Vdrain*+iov 




10 


±500 


pA 


•D(off) 


Switch "off" Leakage 
at 125°C 


Vdrive- -15V, 

VS0URCE= -10V, 

Vdrain=+iov 




0.25 • 


50 


nA 


IS(off) 


Switch "off" Current 


Vdrive = -15V, 
Vdrain = -iov, 
Vsource=+iov 




10 


±500 


pA 


IS(off) 


Switch "off" Leakage 
at 125°C 


Vdrive = -15V. 
Vsource= -10V, 
Vdrain=+iov 




0.3 


50 


nA 


iD(on) + IS(on) 


Switch Leakage when 
Turned "on" 


Vd = Vs=-10V, 

Vdrive =+ 15V 




0.02 


±2 


nA 


Vanalog 


AC Input Voltage Range 
without Distortion 


See Figure 3 


20 


22 




Vp-p 


Vinject 


Charge Injection 
Amplitude 


See Figure 4 




3 




mVp.p 


BVdiode 


Diode Reverse 
Breakdown Voltage. This 
Correlates to Overvoltage 
Protection 


Vd = Vs=-V, 

•drive = 1mA, 
Vdrive = ov 


-30 


-45 




V 
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s ,: 

S ELECTRICAL CHARACTERISTICS AT 25^/1 25'C (CONT.) 



SYMBOL 


CHARACTERISTIC 


TEST CONDITIONS 


IH401A 


UNIT 


MIN 


TYP 


MAX 


BVgss 


Gate to Source or Gate 
to Drain Reverse 
Breakdown Voltage 


Vdrive =-v. 
Vd - Vs = ov, 
'drive = 1mA 


30 


41 




V 


Idss 


Maximum Current Switch 
can Deliver (Pulsed) 


Vdrive = 15V, 
Vs = ov, 

Vd= +10V 


35 


55 




mA 


ton 


Switch "on" time 
(Note 1) 


See Figure 2 




50 




ns 


toff 


Switch "off" time 
(Note 1) 


See Figure 2 




150 




ns 



NOTE: Driving waveform must be > 100ns nse and fall time. 

APPLICATIONS 
IH401 Family 

In general, the IH401 family can be used in any applica- 
tion formally using a JFET/isolation diode combination 
(2N4391 or similar). Like standard FET circuits, the IH401 
requires a translator for normal analog switch function. The 
translator is used to boost the TTL input signals to the ± 1 5V 
analog supply levels which allow the IH401 to handle ±7.5V 
analog signals (or IH401A to handle ±10V analog signals). 
A typical simple PNP translator is shown in Figure 5, 



,J~L 




Figure 5 



Although this simple PNP circuit represents a minimum of 
components, it requires open collector TTL input and t(off) 
is limited by the collector load resistor (approximately 1 .dfxs; 
for 10k^). Improved switching speed can be obtained by 
increasing the complexity of the translator stage. ^ 

A translator which overcomes the problems of the simple 
PNP stage is the Intersil IH6201.* This translator driving an 
IH401 varafet produces the following typical features: 

• ton ^inie of approx. 200ns ] break before 

• toff time of approx. 80ns ) make switch 



TTL compatible strobing levels of 



• •D(on) + •s(on) typically 20pA up to. ±10V analog 
signals 

• iD(off) or Is(off) typically 20pA 

• Quiescent current drain of approx. lOOnA in either 
"on" or "off" case - v 

*The IH6201 is a dual translator (two independent 
translators, per package) constructed from monolithic 
CMOS technology. The schematic of one-half IH620,1, 
driving one-fourth of an IH401, is shown in Figure 6. 
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II1401/III401A 




e -15V 



I I 

I I 

I I 

I I 



TflANSLATOflf (IH6201) 



NOTE: Each translator output has a 6 and 9 output. 5 is just the inverse of d Xe., (9 output is 180° out of phase with respect to 6 output). 

Figure 6: IH6201 Driving An IH401 



t 




-^ ov- 



-^ ov- 



.T2t, 



NOTE: Either switch is turned on when strobe input goes high. 



Figure 7: Dual SPST Analog Switch 
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i 111401/lfrliilA 



I 



liiffili^ll 




41 
U. 
H 



H 



IH6201 



J4]-t5V 

il — 



-^ ov- 



3 



a 



Figure 8: DPDT Analog Switch 



f^^^ 



E-L-j i-r-iil 




IH6201 



14} -15V 

ID 



-"^T^L INPUT 1 



12I+5V ~ 

nj+isv 
U 



Figure 9: Dual SPOT Analog Switch 



A very useful feature of this system is that one-half of an 
IH6201 and one-half of an IH401 can combine to make a 
SPDT switch, or an IH6201 plus an IH401 can make a dual 
SPOT analog switch. (See Figure 9) 




-<T2t INPUT 



-< T^L INPUT 



Figure 10: Dual DPST Analog Switch 
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IH5009-IH5024 

Virtual Ground 
Analog Switch 



GENERAL DESCRIPTION 

The IH5009 series of analog switches were designed to 
fill the need for an easy-to-use, inexpensive switch for both 
industrial and military applications. Although low cost is a 
primary design objective, performance and versatility have 
not been sacrificed. 

Each package contains up to four channels of ar^alog 
gating and is designed to eliminate the need for an external 
driver. The odd numbered devices are designed to be 
driven directly from TTL open collector logic (1 5 volts) while 
the even numbered devices are driven directly from low 
level TTL logic (5 volts). Each channel simulates a SPOT 
switch. SPOT switch action is obtained by leaving the diode 
cathode unconnected; for SPOT action, the cathode should 
be grounded (OV). The parts are intended for high perfor- 
mance multiplexing and commutating usage. A logic "0" 
turns the channel ON and a logic "1" turns the channel 
OFF. 




FEATURES 

• Switches Analog Signals Up to 20 Volts Pealc-to- 
Peak 

• Each Channel Complete - Interfaces With ly^ost 
Integrated Logic 

• Switching Speeds Less Than O.Sius 

• Id(OFF) Less Than SOOpA Typical at TO^'C 

• Effective rd8(0N) - 5^ to 50^ 

• Commercial and Military Temperature Range 
Operation 



(II 

I 



ORDERING INFORMATION 



BASIC 
PART NUMBER 


CHANNELS 


LOGIC 
LEVEL 


PACKAGES 


IH5009 


4 


+ 15 


JD.DD.PD 


IH5010 


4 


+ 5 


JD.DD.PD 


IH5011 


4 


+ 15 


JE,DE,PE 


IH5012 


4 


+ 5 


JE,DE,PE 


IH5013 


3 


+ 15 


JD.DD.PD 


IH5014 


3 


+ 5 


JD.DD.PD 


IH5015 


3 


+ 15 


JE,DE,PE 


IH5016 


3 


+ 5 


JE,DE,PE 


IH5017 


2 


+ 15 


JD.DD.PA 


IH5018 


2 


+ 5 


JD.DD.PA 


IH5019 


2 


+ 15 


JE,DE,PA 


IH5020 


2 


+ 5 


JE,DE,PA 


IH5021 


1 


+ 15 


JD.DD.PA 


IH5022 


1 


+ 5 


JD.DD.PA 


IH5023 


1 


+ 15 


JE,DE,PA 


IH5024 


1 


+ 5 


JE.DE.PA 



IH50XX 



M DE 



I 



Package 

PA - 8.PIN PLASTIC DIP 
PD, - U-PIN PLASTIC DIP 
PE - 16-PIN PLASTIC DIP 
DD - 14-PIN CERAMIC DIP 

(Special Order Only) 
DE - 16-PIN CERAMIC DIP 

(Special Order Only) 
JD - 14-PIN CERDIP 
JE - 16-PIN CERDIP 

TEMPERATURE RANGE 
M = MILITARY (-55°C to 
+ 125°C) 

C = COMMERCIAL (O'C to 
+ 70°C) 

BASIC PART NUMBER 



a 



NOTE: Mil-Temperature range (-55°C to +125°C) available in ceramic 
packages only. 
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i ABSOLUTE MAXIMUM RATINGS 

. J 

§ Positive Analog Signal Voltage 30V 

, O Negative Analog Signal Voltage ~15V 

2 Diode Current 10mA 

S Power, Dissipation (Note) ..500mW 

Storage Temperature -BS^'C to +150°C 



Lead Temperature (Soldering, 10sec) 300°C 

Operating Temperature 

5009C Series OX to +70°C 

5009M Series.. -55*G to +125X 

Lead Temperature (Soldering, 10sec) 300°C 

NOTE: Dissipation rating assumes device is mounted With all leads welded or soldered to printed circuit board in ambient temperature below JS^C. For higher 

temperature, derate at rate of Sm/WQ. 
Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings only, an^ functional 
operation of the device at these or any other conditions above those, indicated in the operational sections of the specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods nriay affect device reliability. 



IH5009 (rDS(ON) ^ 100^) IH5010 
{roSiOU) ^ 150S2) 14 PIN DIP 





(OUTLINE DWGS DD, PD, 


JD) 




, n^* 






1"- 


-^♦J 1 








, W- 






M 1 




01 




, ! o<- 






hJ 


^ 1 


U4 


3U 


m III 

i 1 1 n^t 






hJ 1 1 , 








^^ 1 1 1 1 






H ^ i 


CDOO 


170! 



IH5011 (rDS(ON) ^ 100^) IH5012 
(rDS(ON) ^ 150^) 16 PIN DIP 
(OUTLINE DWGS DE, PE, JE) 



IH5013 (rDS(ON) ^ 10012) IH5014 
(•■DS(ON) ^ 150^) 14 PIN DIP 
(OUTLINE DWGS DD, PE, JE) 



Vi- 



r:^ 



i 1 
I I 



^- 



-<r<^ 



-Uyfiu 



^£T 



TTT" 



iH5015 (rDS(ON) ^ 10012) IH5016 
(fDS(ON) ^ 15012) 16 PIN DIP 
(OUTLINE DWGS DE, PE, JE) 



TTTT 



IH5017 (rDS(ON) ^ 10012) IH5018 

(roSiON) ^ 15012) 8 PIN DIP 

(OUTLINE DWGS DD, PA, JD) 



IH5019 (rDS(ON) ^ 10012) IH5020 
(«"D§(ON) ^ 15012) 8 PIN DIP 
(OUTLINE DWGS DE, PA, JE) 



-<- 



■i<rf^ 



i^"^ 





• o<* r 




■ ^ 


-^ '! , 


-IrkJ 


■ '9 


131 
'21° 


-wJ j 1 


(1 



-<<- 



+♦- 



XT 



IH5021 (rDS(ON) £ 100^) IHS022 (rDS(ON) ^ 150^) 
8 PIN DIP (OUTLINE DWGS DD, PA, JD) 



-4o^». 
I I 

TV 



IH5023 (rDS(ON) ^ lOOSJ) IH5024 (rDS(ON) S 1500) 
8 PIN DIP (OUTLINE DWGS DE, PA) 



'^H? 



^^ 



-m 



77 



-04 



-0$ 

|i'l 



-^^ 



CD00230I 

(Note: Numbers in brackets refer to CERDIP packages.) 



Figure 1: Pin Connections 
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IH5009-IH5024 



FOUR CHANNEL 



IH5009 (rDS(ON) ^ 100^2) 

— :>N)^-^'^^^ 

I DIP 



IH5010 (rDS(ON)^150S2) 
14 PIN I — 



IH5011 (rDS(ON) ^ 10012) 

IH5012 (rDS(ON)^ 15012) 

-T PIN — 



16 PIN DIP 



THREE CHANNEL 

IH5013 (rDS(ON) ^ 100^2) IH5015 (rDS(ON) ^ lOOH) 

IH5014 (rDS(ON) ^ 150!r2) IH5016 (rDS(ON) ^ 150^) 

14 PIN DIP 16 PIN DIP 



6l2 6l4 



04 62 

6 8 

6i3 6 lb 






6l2 OlO 



DS0 16701 

TWO CHANNEL 



IH5017 (rDS(ON) - lOOfi) 

IH5018 (rDS(ON)^150n) 

8 PIN DIP 



IH5019 (roscON) ^ 100S2) 

IH5020 (rDS(ON) ^ 150^) 

8 PIN DIP 



SINGLE CHANNEL 

IH5021 (rDS(ON) ^ 100^) 

IH5022 (rDS(ON)^150^) 

8 PIN DIP 



IH5023 (rDS(ON) ^ lOOi^) 

IH5024 (rDS(ON) ^ 150^2) 

8 PIN DIP 



Tf^' 'TT' 

' DS00090I DS00100I 

Figure 2: Device Scliematics and Pin Connections 



VfTYT' "VT' 

3 15 4 2 



ELECTRICAL CHARACTERISTICS (per channel) 



SYMBOL 
(Note 1) 


CHARACTERISTIC 


TYPE 
(Note 4) 


TEST 

CONDITIONS 

(Note 2) 


SPECIFICATION LIMIT 


UNIT 


-SS^C (M) 
OX (C) 
MIN/MAX 


25X 


+ 125X(M) 
+ 70X (C) 
MIN/MAX 


TYP 


MIN/MAX 


f|N(ON) 


Input Current-ON 


ALL 


V|N = OV, Id = 2mA 




0.01 


±0.5 


100 


mA 


llN(OFF) 


Input Current-OFF 


5V Logic Ckts 


V|N= +4.5V, Va = ±10V 




0.04 


±0.5 . 


20 


nA 


llN(OFF) 


Input Current-OFF 


15V Logic Ckts 


V|N= +11V, Va = ±10V 




04 


±0.5 


20 


nA 


V|N(ON) 


Channel Control Voltage-ON 


5V Logic Ckts 


See Figure 7, Note 3 


0.5 




0.5 > 


.0.5 


V 


V|N(ON) 


Channel Control Voltage-ON 


15V Logic Ckts 


See Figure 8, Note 3 


1.5 




1.5 


1.5 . 


V 


VlN(OFF) 


Channel Control Voltage-OFF 


5V Logic Ckts 


See Figure 6, Note 3 






4.5 


4.5 


V 


VlN(OFF) 


Channel Control Voltage-OFF 


15V Logic Ckts 


See Figure 8, Note 3 






11.0 


11.0 


Y , 


'D(OFF) 


Leakage Current-OFF 


5V Logic Ckts 


V|N= +4.5V, Va = ±10V 




0.02 


±0.5 


20 


nA 


ID(OFF) 


Leakage Current-OFF 


15V Logic Ckts 


V|N= +11V, Va = ±10V 




0.02 


±0.5 


. > . 20 


nA 


ID(ON) 


Leakage Current-ON 


5V Logic Ckts 


V|N = OV, Is = 1mA 




0.30 


±1.0 


1000 (M) 
200 (C) 


nA 


Id(ON) 


Leakage Current-ON 


15V Logic Ckts 


V|N = OV. Is = 1mA 




0.10 


±0.5 


500 (M) 
100 (C) 


nA 


Id{on) 


Leakage Current-ON 


5V Logic Ckts 


V|N = OV, Is = 2mA 






1.0 


10 


HA 


Id(on) 


Leakage Current-QN 


15V Logic Ckts 


V|N = OV, Is = 2mA , 






2.0 


100 


mA 


rospN) 


Dram-Source ON-Resistance 


5V Logic Ckts 


Id = 2mA, V|N = 0.5V 


150 


90 


150 


385 (M) 
240 (C) 


f2 


rDS(ON) 


Dram-Source ON-Resistance 


15V Logic Ckts 


Id = 2mA, V|N = 1.5V 


100 


80 


100 


250 (M) 
160 (C) 


n 


t(on) 


Turn-ON Time 


All 


See Figures 5 & 6 




150 


500 




ns 
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Si IH5009-IH5024 



S 



ELECTRICAL CHARACTERISTICS (CONT.) 



SYMBOL 
(Note 1) 


CHARACTERISTIC 


TYPE 
(Note 4) 


TEST 

CONDITIONS 

(Note 2) 


SPECIFICATION LIMIT 


UNIT 


-55X (M) 

,OX(C) 

MIN/MAX 


25X 


+ 125X (M) 
+ 70*'(: (C) 
MIN/MAX 


TYP 


MIN/MAX 


t(off) 


Turn-OFF Time 


All 


See Figures 5 & 6 




300 


500 




ns 


CT 


Cross Talk 


All 


f- 100Hz 




120 






dB 



NOTES 1: (OFF) and (ON) subscript notation refers to the conduction state of the FET switch for the given test. 

2: Refer to Figure 2 for definition of terms. 

3: ViNfON) and ViNroFF) are test conditions guaranteed by the tests of rosfON) and Id(OFF) respectively. 

4: "5v Logic CKTS applies to even-numbered devices. "15V Logic CKTS applies to odd-numbered devn 

TYPICAL PERFORMANCE CHARACTERISTICS (per channel) 



Id(on) vs. Is at 25°C 
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- SOURCE CURRENT (mA) 



Id(ON) vs. TEMPERATURE 



Id(OFF) vs. TEMPERATURE 
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=: 1$ > 1 mA 
"- Va * 10V 
= R = 10 Ki 
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TEMPERATURE < C) 




25 50 75 

TEMPERATURE { C) 



RdS(ON) vs. TEMPERATURE 
(NORMALIZED TO 25*C VALUE) 
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CROSSTALK AS A 
FUNCTION OF FREQUENCY 

-130 

-120 

-110 
I -100 
i -90 
< -80 
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O 

oc -60 

-50 
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-30 

10 100 IK 10K lOOK 
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CROSSTALK MEASUREMENT CIRCUIT 
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DETAILED DESCRIPTION 

The signals seen at the drain of a junction FET type 
analog switch can be arbitrarily divided into two categories; 
those which are less than ±200mV, and those which are 
greater than ±200mV. The former category includes ail 
those circuits where switching is performed at the virtual 
ground point of an op-amp, and it is primarily towards these 
applications that the IH5009 family of circuits is directed. 

By limiting the analog signal at the switching point to 
±200mV, no external driver is required and the need for 
additional power supplies is eliminated. 

Devices are available with both common drains and with 
uncommitted drains. 



Those devices which feature common drains have anoth- 
er FET in addition to the channel switches. This FET, which 
has gate and source connected such that Vgs = 0, is 
intended to compensate for the on-resistance of the switch. 
When placed in series with the feedback resistor (Figure 3) 
the gain is given by: 



GAIN 



1 0kl7 + rDS(ON)(compensator) 
10k^ +rDS(switch) 
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IH500d-IH^024 




Figure 3: Use of Compensation FET 



Clearly, the gain error caused by the switch is dependent 
on the match between the FETs rather than the absolute 
value of the FET on-resistance. For the standard product, 
all the FETs in a given package are guaranteed to match 
within 50^. Selections down to 5^2 are available however. 
Contact factory for details. Since the absolute value of 
TDSCON) is guaranteed only to be less than 100S2 or 1 50^2, a 
substantial improvement in gain accuracy can be obtained 
by using the compensating FET. 

DEFINITION OF TERMS 



Ros(ON) COMPENSATING 
ELEMENT 




NOISE IMMUNITY 

The advantage of SPOT switching is high noise immunity 
when the series elements is OFF. For example, if a ± 1 0V 
analog Input is being switched by TTL open collector logic, 
the series switch is OFF when the logic level is at + 1 5 
volts. At this time, the diode conducts and holds the source 
at approximately +0.7 volts with an AC impedance to 
ground of 25 ohms. Thus random noise superimposed on 
the +10 volt analog input will not falsely trigger the FET 
since the noise voltage will be shunted to ground. 

When switching a negative voltage, the input further 
increases the OFF voltage beyond pinch-off, so there is no 
danger of the FET turning on. 



SWITCHING CHARACTERISTICS 






— OEouT (Cl< 10 pF) 



t, <0 IjiS 7 5V-1 - 



OUTPUT 
Va- -10V 



4-90% 



+ 90% 
J-IOV 



Figure 5: High Level Logic 



s 

i 

I 

s 

s 



Va " MOV 
O 



.-TL 

Vl^, 



<i 



-OEouT (Ctt 10 pF) 



VtN 5V i— 

PW = 5m, 25V- - 

t,<OV. / *0 

t,. 1*.. ov---£ 

OUTPUT 
Va'IOV 

OV- 




Figure 6: Standard DTL, TTL, RTL 



Note: All typical values have been guaranteed by charactenzation and are not tested. 
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LOGIC INf ERFACE CIRbUITS 



APPLICATIONS (Note) 




Figure 7: Interfacing with -i-5V Logic 




Figure 8: Interfacing with 4- 15V Open 
Collector Logic 




Figure 9 




1261 67 68 014 CHARACTERISTICS TYPICAL OytPUT 
VOLTAGE ORIFt 
<5mV/«ie 



*/ 



CHANNEL 
SELECT 
SAMPLE/HOLD 
SELECT 



Figure 10 



NOTE: Additional applications information is given in Appli- 
cation Bulletins A003 "Understanding and Applying the 
Analog Switch" and A004 "The 5009 Series of Low Cost 
Analog Switches". 
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IH5025-IH5038 

Positive Signal 
Analog Switch 



GENERAL DESCRIPTION 

The IH5025 series of analog switches was designed to fill 
the need for an easy-to-use, inexpensive switch for both 
industrial and military applications. Although low cost is a 
primary design objective, performance and versatility have 
not been sacrificed. 

Each package contains up to four channels of analog 
gating and is designed to eliminate the need for an external 
driver. 

The entire family is designed to be driven from TTL open 
collector logic (15V), but can be driven from 5V logic if 
signal input is less than 1V. Alternatively, 20V switching is 
readily obtainable If TTL supply voltage is -t- 25V. Normally, 
only positive signals can be switched; however, up to ± 10V 
can be handled by the addition of a PNP stage (Figure 14) 
or by capacitor isolation (Figure 13). Each channel is a 
SPST switch. A logic "0" turns the channel ON and a logic 
"1" turns the channel OFF. 

ORDERING INFORMATION 



BASIC 
PART NUMBER 


CHANNELS 


LOGIC 
LEVEL 


PACKAGES 


IH5025 


4 


+ 15 


JD.DDPD 


IH5026 


4 


+ 5„ 


JD.DD.PD 


IH5027 


4 


+ 15 


JE,DE.PE 


IH5028 


4 


+ 5 


JE,DE,PE 


IH5029 


3 


+ 15 


JD.DD.PD 


IH5030 


3 


+ 5 


JD.DD.PD 


IH5031 


3 


+ 15 


JE.DE.PE 


IH5032 


3 


+ 5 


JE.DE.PE 


IH5033 


2 


+ 15 


JD.DD.PA 


IH5034 


2 


+ 5 


JD.DD.PA 


IH5035 


2 


+ 15 


JE,DE,PA 


IH5036 


2 


+ 5 


JE,DE,PA 


IH5037 


1 


+ 15 


JD.DD.PA 


IH5038 


1 


+ 5 


JD.DD.PA 



NOTE: Mil-Temperature range (-55**C to +125*0) available in 
ceramic packages only. 




FEATURES 

• Switches Up to 4- 20V Into High Impedance 
Loads (I.e. Non-Inverting Input of Operational 
Amp.) 

Driven From TTL Open Collector Logic 
Ip(OFF) < 50pA 
roscON) < 150^ 

rDS(ON) Match < 50Q. Channel to Channel 
Switching Speeds < 100ns 



S 

10 
01 
I 

M 

s 

IP 

to 



IH50XX 



DE 

I 



PACKAGE 

PA - 8-PIN PLASTIC DIP 
PD - 14-PIN PLASTIC DIP 
PE - 16.PIN PLASTIC DIP 
DD - 14-PIN CERAMIC DIP 

(Special Order Only) 
DE - 16-PIN CERAMIC DIP 

(Special Order Only) 
JD - 14-PIN CERDIP 
JE - 16-PIN CERDIP 

TEMPERATURE RANGE 
M = MILITARY (-SS'C to 
+ 125°C) . 

C = COMMERCIAL (O'C to 
+ 70'C) 

BASIC PART NUMBER 




IH5025 (rDS(ON) ^ lOOH) 

IH5026 (rDS(ON) ^ 150^) 

14 PIN DIP 

33 05 O10 012 




U<-J 



IH5027 (rDS(ON) ^ 100S2) 

IH5028 (rDS(ON) ^ ISOH) 

16 PIN DIP 

02 07 O10 OlS 




04 OS 012 6l3 



1H5029 (rDS(ON) ^ lOOH) 

IH5030 (rosrON) ^ 150^) 

14 PIN DIP 



ji_j: 




4_o<fA 

J la<^ 



6i 6? 08 



IH5031 (rDS(ON) ^ 100^2) 

IH5032 (rDS<ON) ^ ISO^) 

16 PIN DIP 

T' ?' r 




04 05 012 



Figure 1: Pin Connections 
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IH5Q2t^lH^0?8 



ilMlnii^fllL 



IH5033 (rDS(ON) ^ 100^) 

IH5034 (rDS(ON) ^ 1500) 

8 PIN DIP 

(3)3 6<12) 



IH5035 (rDS(ON) ^ lOOO) 

IH5036 (rDS(ON)^150n) 

8 PIN DIP 



(2)2 
O- 
(13)7 



'± 



-<- 



-t<y< A- 



I i 



)6 8 



IHS037 (rosiON) ^ t^OO) 

IH5038 (rDS(ON) ^ 1500) 

8 PIN DIP 

l3y3 



4(4) 
-O 
5(11) 



(16)8 



-<rr^ 



I I 
I I 



\)6 6 



-o 



*-o^'» 



4(4) 6 6 5(13) 



1(1)6 68(14)., , 

CD00280I CD00290I 

NUMBERS IN PARENTHESES INDICATE CERAMIC PACKAGE PIN-OUT 

Figure 1: Pin Connections (Cont.) 



FOUR CHANNEL 



THREE CHANNEL 



IH5025 (rDS(ON) ^ 100O) 

IH5026 (rDS(ON) ^ 150O) 

14 PIN DIP 



IH5027 (rDS(ON) ^ lOOO) 

IH5028 (rDS(ON)^150O) 

14PIN DIP 



IH5029 (rDS(ON) ^ 100O) 

IH5030 (rDS(ON) ^ 150O) 

14 PIN DIP 



tH5d31 (rDS(ON) ^ 100O) 

IH5032 (rDS(ON) ^ 150O) 

16 PIN DIP 



■rt 





DS00110I 

TWO CHANNEL 



IH5033.(rDS(ON) ^ 100O) IH5034 

(rDS(ON) ^ 150O) 

8 PIN DIP 

i N (2)2 c 



SINGLE CHANNEL 

IH5035 (rDS(ON) ^ lOOO) IH5P36 
(rDS(QN) ^ 150O) 



n 

(3)3 1(1) 

I3)70 -^ p 



04(4) 
5(11) 



(2)2 4(4) 



DIP 

3(3) 



IH5037 (rDS(ON) ^ 100O) IH5038 

(rDS(ON) ^ 150O) 

8 PIN DIP 



6 6 
3(3) 1(1) 



7(15) 5(13) 

DS00160I 



Numbers in parentheses indicate CERAMIC PACKAGE LAYOUT 

Figure 2: Device Schematics 
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IH5025-IH5038 i 

ABSOLUTE MAXIMUM RATINGS 

Positive Analog Signal Voltage 25V Operating Temperature 

Negative Analog Signal Voltage -0.5VDC 5025C Series.....?. 0**C to +70°C 

Drain Current 25mA 5025M Series -55''C to +125°C 

Power Dissipation (Note) 500mW Lead Temperature (Soldering, 10sec) 300°C 

Storage Temperature - 65°C to + 1 50°C note: Dissipation rating assumes device is mounted with all leads welded 

or soldered to pnnted circuit board in ambient temperature below 75°C. 

For higher temperature, derate at rate of 5m/W°C. 

Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device^ These are stress ratings only, and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is notjmplied. Exposure to 
absolute rriaximum rating conditions for extended periods may affect device reliability. 

ELECTRICAL CHARACTERISTICS (per channel) 



SYMBOL 

(Note 1) 


CHARACTERISTIC 


TYPE 


TEST 
CONDITIONS 


SPECIFICATION LIMIT 


UNIT 
MIN/MAX 


-55'C 

(M) 
OX ,(C) 


25X 


+ 125X (M) 
+ 70X{C) 


TYP 


MIN/MAX 


l|N(ON) 


Input Current-ON 


All 


V,N = OV 




0.30 


1.0 


100 (M) 
25(C) 


nA (max) 


llN(OFF) 


input Current-OFF 


All 


V|N = 15V 




0.20 


1.0 


50 (M) 
50 (C) 


nA (max) 


V|N(ON) 


Channel Control Voltage-ON 


All 


See Figure 3 


1.5 




1.5 


1.5 


V (max) 


VlN(OFF) 


Channel Control Voltage-OFF 


All 


See Figure 3 


14.0 




14.0 


14.0 


V (mm) 


ID(OFF) 


Leakage Current-OFF 


All 


See Figure 5 




0.06 


0.5 


100 (M) 
50(C) 


nA (max) 


ID(ON) 


Leakagje Current-ON 


Odd Nos. 


See Figure 6 




100 


10.0 


5000 (M) 
250 (C) 


nA (max) 


ID(ON) 


Leakage Current-ON 


Even Nos. 


See Figure 6 




0.10 


1.0 


500 (M) 
25 (C) 


nA (max) 


rDS(ON) 


Drain-Source ON-Resistance 


Odd Nos 


V|N = 5V, Id = 1mA 


100 


60.00 


100.0 


250 (M) 
150 (C) 


n (max) 


l-DSPN) 


Drain-Source ON-Resistance 


Even Nos 


V|N = 5V, Id = 1mA 


150 


90.00 


150.0 


385 (M) 
240 (C) 


a (max) 


J-DSiON) 


Dram-Source ON-Resistance, 


Odd Nos. 


V|N = 1.0V, Id = 1mA 


160 


85 00 


160.0 


420 (M) 
250 (C) 


^2 (max) 


''DS(ON) 


Drain-Source ON-Resistance 


Even Nos. 


V|N = 1.0V, Id = 1mA 




110.00 


200.0 


400 (M) 
, 250 (C) 


n (max) 


t(on) 


Turn-ON Time 


Ml 


See Figure 4 




010 


0.2 


04 


us (max) 


t(off) 


Turn-OFf Time 


Alt 


See Figure 4 




010 


0.2 


04 


JUS (max) 


Q(INJ) 


Charge Injection 


All 


See Figure 5 




7.0 


20.0 




mVp.p (max) 


Va(OFF) 


Cross Coupling Rejection 


All 


See Figure 6 




010 


1.0 




mVp.p (max) 


ArDS(ON) 


Channel to Channel rDS(ON) Match " 


All * 


V|N = 0.5V, Id = 1mA 




25.00 






n (max) 



Note 1: (OFF) and (ON) subscript notation refers to the conduction state of the FET switch for the given test. 



VaO— j . OVOUT 

ft 

V,N 

FET ON ' FOR V,N sj 1 5V 
FET OFF' FOR V,n ><I4 OV 
TC00450I 

Figure 3: Test Circuits 




VOUT 

TO SCOPE PROBE 

(10X) 



OV— J 



II 
II 

tOFF 



v-TT 



1-. 



1 1 Vom 
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Figure 4: Test Circuits 
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VOUT 
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: 10.000 pf 



-Ore 
[pfl 



TC00470I 

Figure 5: Test Circuits 




VoUT 

TO SCOPE PR06E 

(10X) 



Figure 6: Test Circuits 



TYPICAL PERFORMANCE CHARACTERISTICS (per channel) 

Id(off) vs. temperature Id(on) vs. temperature 
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IHJi026^IH5038 



LOGIC INTERFACE CIRCUITS 

When opierating with TTL logic it is necessary to cise pull- 
up resistors as shown in Figures 6 and 7. This ensures the 
necessary positive voltages for proper gating action. 




Figure 7: Interfacing with +5V Logic 




Figure 8: Interfacing with -t-l5V Open 
Collector Logic 



THEORY OF OPERATION 

The IH5025 series differs from the IH5009 series in that 
they may be driven by floating outputs. This family is 
generally used when operating into the non-inverting input 
of an operational amplifier, while the IH5009 series is used 
in operations where the output feeds into the inverting 
(virtual ground) input. 

The IH5025 model is a basic charge ^rea switching 
device, in that proper gating action depends upon the 
capacitance vs. voltage relationship for the diode junctions. 
This C vs. V, when integrated, produces total charge Q. It is 
Q total which is switched between the series diode and the 
gate to source and gate to drain junctions. The charge area 
(C vs. V) for the diode has been chosen to be a minimum of 
four (4) times the area of the gate to source junction, thus 
providing adequate safety margins to insure proper switch- 
ing action. 

If normal logical voltage levels of ground to + 1 5V (open 
collector TTL) are used, only signals which are between OV 
and +10V can be switched. The pinch-off range of the P- 



Channel FET has been seli^Qted betweeri:2;0.y'and 3v^V; 
thus with +15V at the logical input, and a +10V signal 
input, 1.1 V of margin exists for turn-off. When the IH5025 1$ 
used with 5V TTL logic, a maximum of +1V can be 
switched. The gate of each FET has been brought out so 
that a 'Referral resistor" can be placed between gate and 
source. This is used to minimize charge injection effects. 
The connection is shown below: 





10 Mn > 


< Rloao 


•»,L_ 




•REFERRAL ^ 5 Kf2 
RESISTOR A.-VyAr->15V 

FROM 
TTL OUTPUT 


TC00490I 


Figure 9 



For switching levels > + 1 0V, the + 1 5V power supply 
must be increased so that there is a minimum of 5V of 
difference between supply and signal. For example, to 
switch +15V level, +20V TTL supply Is required. Up to 
+ 20V levels can be gated. 

APPLICATIONS 





^XNOCR 


i 


^^ 


|r^ 






^> XNDCR 

<» 




Figure 


AF00120I 

10: Multiplexer from Positive Output 
Transducers 



SAMPLE 

VanalOG- SWITCH 

- 10V ^^ 



r.^ 



ovJ"! 

♦1SV 

ov-TT 



Figure 11: Sample and Hold Switch 
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IH50^d^lll9O38 



APPLICATIONS (CONT.) 




"J-L, 



Figure 12: Switching up to +20V Signals with TTL Logic 




tSMIFT 10910HI 
*15V '>SHIFT 0169 100Hz 

■L-Tov 



liSyjTL GATE I 



♦3V 



n 



-CTZZL 



r 



-mpt 



Mmt 



Figure 13: Switching Bipolar Signals ^ith TTL Logic 
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IH5025-IH5038 

APPLICATIONS (CONT.) 



i 
J 

z 

s 

00 



+ 10V SIGNAL, 
INPUT ^ 




OV 
f15V 



~UJ~ 



TTL 
INPUT 
TTL 
OUTPUT 



fH 



GATE 
STROBE 



VOUT 



ADVANTAGES OVER FIGURE NO. tO METHOD 

A. DC LEVELS OF UP TO ± 10V CAN BE SWITCHED. AS WELL 
AS AC SIGNALS UP TO 100kHz; NO. 10 METHOD SWITCHES 
ONLY AC RANGE OF 10MHz TO 10kHz. 
CKT IS NOW BREAK BEFORE MAKE 



AF001711 

DISADVANTAGES 

A. PNP CKT DRAWS 3mA, WHEN ON; THUS ADDS 
3mA X 30V - 90mW POWER DISS. 



B. 



B. 



toN TIME WILL BE CONSIDERABLY SLOWED DOWN FROM 
100ns (BEFORE IN FIGURE NO. 13 TO) 1-2/us NOW. 



Figure 14: Switching Bipoiar Signais with TTL Logic (Alternate l\Method) 




r 



TTL 
OUTPUT 



L 



LADDER 
VOLTAGE 



ll^YJTL®*!!^-! H J 



QsvmQATE j;_ _ -IJ 



Figure 15: Using the 1H5028 as a Duai SPOT Switch to Drive Ladder Networl(s 
for Bipolar Switching (up to ±10V) 
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Sr IH5025-IH5O38 

X APPLICATIONS (CONT.) 



C4 

s 

X 




CHANNEL BCD INPUTS 
CHANNEL A INPUT OV 
SIGNAL OUTPUT 

* * * X SIGNAL INPUT 



WHEN SWITCHING (+) OR (-) SIGNAL INPUTS.A SCHEME 
SIMILAR TO FIGURES 10 OR 11 SHOULD BE USED 



Figure 16: Gain Control with High Input Impedance 
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IH5040-IH5047 

High-Level CMOS Analog Switch 




GENERAL DESCRIPTION 

The IH5040 family of solid state analog switches use an 
improved, high voltage CMOS monolithic technology. 
These devices provide ease-of-use and performance ad-' 
vantages not previously available from solid state switches. 
This improved CMOS technology provides input overvolt- 
age capability to ±25 volts without damage to the device, 
and destructive latch-up has been eliminated. Early CMOS 
switches were destroyed when power supplies were re- 
moved with an input signal present. The IH5040 CMOS 
technology has eliminated this serious problem. 

Key performance advantages of the 5040 series are TTL 
compatibility and ultra low-power operation. The quiescent 
current requirement is less than IjuA. Also, the 5040 
guarantees Break-BeforeTMake switching, accomplished by 
extending the ton time (300ns TYP.) so that it exceeds toff 
time (200ns TYP.). This insures that an ON channel wiU be 
turned OFF before an OFF channel can turn ON. The need 
for external logic required to avoid channel to channel 
shorting during switching is eliminated. 

Many of the 5040 series improve upon and are pin-for-pin 
and electrical replacements for other solid state iswitches. 



FEATURES 

• Switches Greater Than 20Vpp Signals With ±15V 
Supplies 

• Quiescent Current Less Than IjuA 

• Overvoltage Protection to ±25V 

• Brealc-Before-l\/lal(e Switching toff 200ns, ton 
300ns Typical 

• TTL, DTL, CMOS, PMOS Compatible 

• Non-Latching With Supply Turn-Off 

• New DPDT & 4PST Configurations 

• Complete Monolithic Construction 

ORDERING INFORMATION 

IH5040 M JE 



I 



Package 

DE -16-Pin Ceramic DIP 
(Special Order Only) 

FD-2 - 14-Pin Flatpak 

JE - 16-Pin CERDIP 

PE - 16-Pin Plastic DIP 

TW - TO-100 Metal Can (IH5041/2, 

IH5044) 
Temperature Range 

M - Military (-55°C to +125°C) 

C - Commercial (0°C to +70°C) 

Basic Part Number 



FUNCTIONAL DESCRIPTION 




INTERSIL 






PIN FOR PIN 


PART NO. 


TYPE 


•■DS(on) 


COMPATIBLE 


IH5040 


SPST 


7512 


HI5040/DG5040 


IH5041 


Dual SPST 


750, 


HI5041/DG5041 


IH5042 


SPOT 


75fi 


Ht5042/DG5042 


IH5043 


Dual SPOT 


75^ 


HI5043/DG5043 


IH5044 


DPST 


75^2 


HI5044/DG5044 


IH5045 


Dual DPST 


75S2 


HI5045/DG5045 


IH5046 


DPDT 


75^ 


H15046 


IH5047 


4PST 


75fi 


HI5047 



NOTE 1. See Switching State diagrams for applicable package 
equivalency 



Figure 1: Functional Driver, Typical Driver, 
Gate — IH5042 
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IH5040-IH5047 



ABSOLUTE MAXIMUM RATINGS 

V^-V <33V 

V"^-Vd <30V 

S Vd-V" <30V 

Vd-Vs <±22V 

Vl-V"" <33V 

Vl-V|n <30V 

Vl-GND <20V 

ViN-GND <20V 



Current (Any Terminal) <30mA 

Storage Temperature -65*C to +150°C 

Operating Temperature , -55X to +125**C 

Lead Temperalure (Soldering, 10sec) 300°C 

Power Dissipation 450mW 

(All Leads Soldered to a P.C. Board) 
Derate 6mW/°C Above 70°C 



Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings only, and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 



ELECTRICAL CHARACTERISTICS (@ 25X. v+ - 


+ 15V, 


V-«-15V, Vl 


» +5V) 








PER CHANNEL 


TEST CONDITIONS 


MIN/MAX LIMITS 


UNIT 


SYMBOL 


CHARACTERISTIC 


MILITARY 


COMMERCIAL 


-SS'^C 


+ 25X 


+ 1^5X 





+ 25X 


+ 70»c 


l|N(ON) 


Input Logic Current 


V|N = 2.4V Note 1 


±1 


±1 


10 


±1 


±1 


10 


pA 


•lN(OFF) 


Input Logic Current 


V|N = 0.8V Note 1 


±1 


±1 


10 


±1 


±1 


10 


tiA 


roSCon) 


Drain-Source On 
Resistance 


Is -10mA 
VANALOG»-10VtO + 10V 


75 


75 


150 


80 


80 


130 


SI 


^rDS(ON) 


Channel to Channel 
rDS(ON) Match 






25 

(typ) 






30 

(typ) 




n 


Vanauog 


Mm. Analog Signal 
Handling Capability 






±11 
(typ) 






±10 

(typ) 




V 


]D(OFF)/ 
IS(OFF) 


Switch OFF Leakage 
Current 


VANALOG=-10Vto + 10V 




±1 


100 




±5 


100 


nA 


VT^., 


Switch On Leakage 
Current 


Vd = Vs= -10V to +10V 




±2 


200 




±10 


100 


nA 


ton 


Switch "ON" Time 


RL = 1ka VanaLOG=-10V 
to +10V See Fig. 3 




750 






1000 




ns 


toff 


Switch "OFF" Time 


RL=1ka VanALOG=-10V 
to +10V See Fig. 3 




350 






500 




ns 


Q(INJ.) 


Charge Injection 


See Fig., 3 




15 

(typ) 






20 

(typ) 




mV 


OIRR 


Min. Off Isolation 
Rejection Ratio 


f=1MHz, Ru-IOOn, CL<5pF 
See Fig. 5 




54 

(typ) 






50 

(typ) 




dB 


I^Q 


V"^ Power Supply 
Quiescent Current 




1 


1 


10 


10 


10 


100 


txA 


l-Q 


V~ Power Supply 
Quiescent Current 


V+ = +15V. V« -15V, Vl- +5V 
Vl = + 5V 


1 


1 


10 


10 


10 


100 


ma 


l-LQ 


+ 5V Supply 
Quiescent Current 




1 


1 


10 


10 


10 


100 


ma 


Ignd 


Gnd Supply 
Quiescent Current 




1 


1 


10 


10 


10 


100 


M 


CCRR 


Min. Channel to 
Channel Cross 

Ratio 


One Channel Off; Any Other 
Channel Switches as per Fig. 6 




54 

(typ) 






50 

(typ) 




dB 



Note 1: Typical values are for design aid only, not guaranteed and not subject to production testing 
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IH5040-IH5047 



SWITCH STATES ARE FOR 
LOGIC "1" INPUT 



(OUTLINE DWG FD-2) 



(OUTLINE OWGS DE, JE, 



(OUTLINE DWG TO-100) 



SPST IH5040 
('■DS(on) < 7511) 



Jl_Il 



T^~F 



IlJ: 



"FT 



DUAL SPST IH5041 
(i'DS(on) < 750) 



ll It 






"F~-F 



1l± 






TFT 




SPOT IH5042 
(•■DS(ony < 75il) 



(DGISa EQUIVALENT) 



h r 




i^ 






-OO. 




DUAL SPOT IH5043 
(i'DS(on) <75^) 



(DG191 EQUIVALENT) 



i^ Ii 




S3 ©4 



GNO V, 



^ ?- 






-WT 



Figure 2: Switching State Diagrams 
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lH504d-IH5047 



SWITCH STATES A^E FOR 
LOGIC "1" INPUT 



(Outline dwg fd-2) 



(OUTLINE DWGS DE, JE, 
PE) 



(OUtLlNE DWG TO-100) 



DPST IH5044 
(••DSlon) < 75^) 



?'° ?9 



T^— F^ 



1^ 



-<rX^ 



^FT 




DUAL DPST IH5045 
(rDS(on) < 75J2) 



?'° ?« 



(DG185 EQUIVALENT) 




^^o;t 



F~F 



Sjoi o-^«- 



T^T 



SWITCH STATES ARE FOR 
LOGIC "V? INPUT 



FLAT PACKAGE FD-2) 



DIP (DE) PACKAGE 



TO-100 



DPDT IH5046 
(rDS(ON) < 75JQ) 



%1 II 




53 0- 

54 0- 



T F 



J:l_L 



^^ 






4PST IHS047 
(rDs(ON)<75n) 



s,oI. 



s.»i 



1^ t 



-<r'rt. 



-kH^ 



-<rK 



■F-T 



s,ol 



S3 0i 



i^ 



-a-f*- 






Figure 2: Switching State Diagrams (Cent.) 
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IH5040-IH5047 

TYPICAL PERFORMANCE CHARACTERISTICS (Pef Channel) 
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rDS(on) vs POWER SUPPLY 
VOLTAGE 



CHARGE INJECTION V8 VanALOG 
(SEE FIG. B) CL=10,000pF 
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Note: All typical values have been guaranteed by charactenzation and arfenot tested. 
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£ TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 
I 



POWER SUPPLY QUIESCENT CURRENT vs LOGIC 
FREQUENCY RATE 
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TEST CIRCUITS 



LOCK 
INPUT 



HI>->- 




Figure 3 



4V 

LOGIC 
INPUT 



-o->- 




VdUT 



Figure 4 



LOGIC INPUT 
(NOTE 1) 



ro->-/ 




Figure 5 



NOTE 1: Some channels are turned on by high "1 " logic inputs and other channels are turned on by low "0" inputs; however 0.8V to 2.4V descnbes the min. 
range for switching properly. Refer to logic diagrams to see absolute value of logic input required to produce "ON" or "OFF" state. 

APPLICATIONS 




fo> 



-J^>o- 



I ^u 
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— »^ 



.zdi 




Figure 6: Improved Sample & Hold Using IH5043 
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IH5040-IH5047 

APPLICATIONS (CONT.) 



EXAMPLE: If -V^nalOG " -^O^DC and +Vanal0G - ^^^^^^ 
then Ladder Legs are switched between tlOVDC, depending upon state 
of Logic Strobe. 



ETC<-'^^— 



-Vanacog 



" 




t2l 



t2l 



A^^— i — w\-— <ETc 



Figure 7: Using the CMOS Switch to Drive an R/2R Ladder Network (2 Legs) 



01 
O 




Constant gain, constant Q, variable frequency filter which 
provides simultaneous Lowpass, Bandpass, and Highpass 
outputs With the component <^alues shown, center frequency 
will be 235Hz and 23 5Hz for high and low logic inputs 
respectively, Q = 100. and Gam = 100 



fn " Center Frequency 



Figure 8: Digitally Tuned Low Power Active Filter 




3-85 



Note- All typical values have been guaranteed by characterization and are not tested. 



I IH5d46^IH5047 

X APPLICATIONS (CONT.) 




-Kh->' 



Figure 9: Interfacing with TTL Open Collector Logic 
(Typ. Example for +15V Case Shown) 



-1 
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.Jl 



Ei 




H^— 



•Voo 



L? 



CMOS GATE V- 



_J 



15V > V* > 5V 
OV > V- >-15V 



Figure 10: Interfacing with CIVIOS Logic 
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IH5040-IH5047 

APPLICATIONS (CONT.) 



SQlMini^Bll. 




IN 

-O- 



-O + 15V OR +VCC<V I TERMINAL) 



Figure 11: TTL Logic Interface 
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lliid48^iH5051 

Low Charge Injection 
CMOS Analog Switches 




GENERAL DESCRIPTION 

The IH5048 family of analog switches is especially made 
for low charge Injection and low leakage. Construction 
includes our CMOS high level driver circuitry combined with 
unique "VARAFET" switches. 



ORDERING INFORMATION 

IH5048 M 



JE 



FEATURES 

• Low Charge Injection— 5m V (Typ.) 

• Quiescent Current Less Than IjuA 

• TTU DTU CI\/IOS, PMOS Compatible 

• Non-Latching With Supply Turn-Off 

• Low roscon) - 35i^ (Typ.) 

• Pin-OMt Compatible With IH5040 Family 



Package 

DE -16-Pin Ceramic DIP 
(Special Order Onlyy 
FD-2 - 14-Pin Flatpak 
JE - 16-Pin CERDIP 
PE - 16-Pin Plastic DIP 
TW - TO-100 Metal Can 

(IH5048. IH5050 Only) 

Temperature Range 

M - Military (-55X to +125°C) 
C - Commercial (0°C to +70°C) 

Basic Part Number 



ORDERING INFORMATION 



INTERSIL 
PART NO. 


TYPE 


''DS(OJl) 


IH5048 Dual 
IH5049 Dual 
IH5050 
IH5051 Dual 


SPST 
DPST 
SPDT 
SPDT 


3512 

35^ 
35^2 



NOTE 1. See Switching State diagrams for applicable package equivalency. 



SWITCH STATES ARE FOR 
LOGIC '1" INPUT 



FLAT PACKAGE (FD-2) 



DIP (DE) PACKAGE 



TO-100 



DUAL SPST IH5048 
(ros (ON) < 35^2) 



o^-Oi>— ' 



T- ?' 



».»^o-' 



1l± 



•FT 



"F— F 



Figure 1: Switching State Diagrams 
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IH5048-IH5051 



X 

PI 

t 
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01 



SWITCH STATES ARE FOR 
LOGIC '1" INPUT 



FLAT PACKAGE (FD-2) 



DIP (DE) PACKAGE 



TO-100 



DUAL DPST IH5049 
(ros (ON) < 35fi) 




(DG184 EQUIVALENT) 

Li 









PT 



SPDT IH5050 
(ros (ON) < 350) 



h li 



-o^ 



T~V 



IlJh 



-<s^ 



"FT 




DUAL SPDT IH5051 
(rDS (ON) < 35^) 



(DG190 EQUIVALENT) 




h L 




¥—r 




Figure 1: Switching State Diagrams (Cont.) 
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lll5d4iB-^IH^051 



S 



ABSOLUTE MAXIMUM RATINGS 

V+-V- :..;.... <33V 

V^-Vd-.... '. <30V 

Vd-V- <30V 

Vd-Vs <i22V 

Vl-V- <33V 

Vl-V|n <30V 

Yl-GND <20V 

V|N-GND < 20V 

Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the deviOe. These are stress ratings only, and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to 
- absolute maximum rating conditions for extended periods may affect device reliability. 



Current (Any Terminal) < 30mA 

Storage temperature -65°C to + 1 BO^'C 

Operating Temperature - BS^'C to + 1 25°C 

Lead Temperature (Soldering, 10sec) 300°C 

Power Dissipation 450mW 

(All Leads Soldered to a P.C. Board) 
Derate 6mW/°C Above 70°C 



ELECTRICAL CHARACTERISTICS (@ 25°c, v+ - 


+ 15V, 


V- = -15V, Vl 


= +5V) 








PER CHANNEL 


TEST CONDITIONS 


MIN/MAX LIMITS 


UNIT 


SYMBOL 


CHARACTERISTIC 


MILITARY 


COMMERCIAL 


-55°C 


+ 25°C 


+ 125°C 





+ 25''C 


+ 70°C 


l|N(ON) 


Input Logic Current 


V|N = 2.4V Note 1 


±1 


±1 


10 


±1 


±1 


10 


juA 


l|N(OFF) 


Input Logic Current 


V|N = 0.8V Note 1 


±1 


±1 


10 


±1 


±1 


10 


fxA 


roSCon) 


Drain-Source On 
Resistance 


ls= -10mA 

Vanalog =- 10V 




40 


60 




45 


75 


n 


ArDS(ON) 


Channel to Channel 
rDSPN) Match 






15 

(Typ) 






15 

(Typ) 




Q. 


Vanalog 


Mm. Analog Signal 
Handling Capability 






±10 






±10 




V 


|D(0FF)/ 
IS(OFF) 


Switch OFF Leakage 
Current 


VaNALOG=-10V to +10V 




±1 


100 




±5 


100 


nA 


+ IS(ON) 


Switch 6n Leakage 
Current 


Vd = Vs= ^10V to, +,10V 




±2 


-^00 . 




, *10 


200 


nA 


ton 


Switch "ON" Time 


1':]'^^^^%°%--"''': 




500 






1000 




ns 


.toff 


Switch "OFF" Time 


l':\'^'^Pii%'-'°' 




250 






500 




ns 


Q(INJ.) 


Charge Injection 


See Fig. 3 




1 (Typ) 






2 (Typ) 




mV 


OIRR 


Min. Off Isolation 
Rejection Ratio 


f = 1MHz, RL-100a Cl<5pF 
See Fig. 4, (Note 1) 




54 
(Typ) 


. 




50 
(Typ) 




dB 


l^Q 


V+ Power Supply 
Quiescent Current 




1 


1 


^0 


10 


10 


100 


mA 


l-Q 
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HA 
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Min. Channel to 
Channel Cross 
Coupling Rejection 
Ratio 


One Channel Off; Any Other 
Chanhel Switches as ^er 
Performance Charactenstics (Note 1) 
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Note 1: Not tested in production. 



TEST CIRCUITS 










ANALOG INPUT 
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2Vpp^1MHz I 


LOGIC 

INPUT — __. VooT 


3K 




LOGIC INI>UT 


•=• -r 


lOpF:: >ikn 


INPUT 


O VocT 

= lOOOOpF 


i OVOUT 


TC00501I 

Figure 2 


TC00511I 

Figure 3 


TG00411I 

Figure 4 



NOTE 1: Some channels are turned on by high "1" logic inputs and other channels are turned on by low "0" inputs; however 0.8V to 2.4V descnbes the mm. 
range for switching properly. Refer to logic diagrams to see absolute value of logic input required to produce "ON" or "OFF" state. 
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IH5048-IH5051 

TYPICAL PERFORMANCE CHARACTERISTICS (Per Channel) 



rDS(on) vs VanALOG SIGNAL 
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Note- All typical values have been guaranteed by characterization and are not tested. 
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I TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 
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IH5052/IH5053 

QUAD CMOS Analog Switch 

GENERAL DESCRIPTION 

The IH5052/3 analog switches use an improved, high 
voltage CMOS technology, which provides performance 
advantages not previously available from solid state 
switches. Early CMOS switches were destroyed when 
power supplies wer^ removed with an input signal present. 
The INTERSIL CMOS technology has; eliminated this seri- 
ous systems problem. Key performance advantages are 
TTL compatibility and ultra low-power operation — the qui- 
escent current requirement is less than lO/uA. 

The IH5052/3 also guarantees Break-Before-Make 
switching. This is accomplished by extending the toN t'lT^e 
(400ns TYP.) such that It exceeds toFF time (200ns TYP.). 
This insures that an ON channel will be turned OFF before 
an OFF channel can turn ON, and eliminates the need for 
external logic required to avoid channel to channel shorting 
during switching. With a logical "0" (0.8V or less) at its 
control Inputs, the tH5052 switches are closed, while the 
IH5053 switches are closed with a logical "1" (2.4V or 
more) at its control inputs. 



v: 




FEATURES 

^ Switches Greater Than 20Vpp Signals With +15V 

Supplies 
e Quiescent Current Less Than lO/uA 

• Overvoitage Protection to ±25V 

• Brealc-Before-Malce Switching toff 100ns, ton 
250ns Typical 

• TTL, CMOS Compatible 

• Non-Latching With Supply Turn-Off 

• IH5052 4 Normally Closed Switched 

• IH5053 4 Normally Open Switches 

ORDERING INFORMATION 
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IH5C 


>5X C 


: JE 







Package 
JE »f 16-Pin CERDIP 
DE = 16-Pin Ceramic DIP 
(Special Order Only) 
Temperature Range 
M = Military 
C = Commercial 

Basic Part Number 




OUTLINE OWQS 
DE,JE 

OUAL-IN-LINE PACKAGE 
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, [3 1 I g 5, 

^ IH50S2 ^ i(*M.»STHATCJ 

S« SJ 1 j g »3 




M 



0* E -*>J '^iHa 



•3 ••*' 



SWITCH STATES ARE 
FOII LOOIC "1" IMPOT 



LLJo. 



TYP ORIVER-GATE 




Figure 1: Functional Diagram 



Figure 2: Pin Configurations 
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ABSOLUTE MAXIMUM RATINGS 

V+-V- .:.::;.. <f33v 

V"^-Vd ^^..... -..::.... .....iX 30V 

Vd-V" .....,..< 30V 

Vd-Vs ..,........;...........>. <±22V 

Vl-V <33V 

Vl-V|m; v.. ...vv ...;..^ <30V 

Vl-GND , ,... <.20V 

V|N~GND :.........,....< 20V 

Stresses above those \isted under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings only, and f^nctiorial 
operation of the device at these or anyother Conditions above those indicated in the operational sections of the specifications is not implied. Exposure to 
absolute maximum rating' conditions for extended' peri6ds may Effect device reliability. 



Current (Any Terminal) „:.... I . < 30mA 

Storage Temperature...................... -65X to H-ISOX 

Operating Temperature .*.....!......- SS^'C to« + tZS^C 

Lead Temperature (Soldering, 10sec) :.Ui300X 

Power Dissipation i 450mW 

(All Leads Soldered to a P.C. Board) 
Derate 6mW/°C Above 70*^0 



ELECTRICAL CHARAC1 


1£RI8TICS'(Ta-25^c, v^ = +15V, vt 


= -15V. Vl- 


+ 5V) 








PER CHANNEL 


TEST CONDITIONS 


MIN/MAk LIMITS | 


MILITARY 


COMMERCIAL 


UNIT 
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+ 25°C 


+ 125''C 
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+ 70^ 


l|N(ON) 


Input Logic Cu^i-ent 


V|N = 2.4V (IH5053) = 0.8V (IH5052) 
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±1 


10 
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V,N = 0.8V (IH5053) = 2.4V (IH5052) 
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VD = ys= -10V to +10V 
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nA 


tON 


Switch "ON" Time 


f^L - 1kU Vanalog = - 10V to + 10V 
See Fig. 3 
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tQFF 


Switch "OFF" Time . 


Rl = Ikn, Vanalog = - 10V to + 10V 
See Fig. 3 
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Chargte Injection ; 


See Fig. 4 
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OIRR 


Mm. Off Isolation. 
Rejection Rattio 


f = liyiHz, Rl * lOOa Cl < 5pF 
See Fig. 5 
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dB 



NOTE 1: Typical values are for design aid only, not guaranteed and not subject to production testing. 
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IH5052/IH5053 

TEST CIRCUITS 
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Figure 5 



NOTE 1: The 5053 i§ turned on by high "1" logic inputs and the 5052 is turned on by low "0" inputs; however 0.8V to 2.4V descnbes the mm. range for 
switching properly. Refer to logic diagrams to see absolute value of logic input required to produce "ON" or "OFF" state. 



TYPICAL PERFORMANCE CHARACTERISTICS (Per Channel) 



rDS(ON) vs VanaLOG SIGNAL 



rDS(ON) vs POWER SUPPLY 
VOLTAGE 



CHARGE INJECTION vs VanalOG 
(SEE Figure B) Cl = 10,000pF 
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CROSS COUPLING REJECTION vs FREQUENCY 
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III5052/IH5053 



TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 

OFF ISOLATION vs FREQUENCY 
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POWER SUPPLY QUIESCENT CURRENT vs LOGIC 
FREQUENCY RATE 
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Figure 6: +15V Open Collector TTL Interface to IH5052/5053 
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IH5052/IH5053 

APPLICATIONS 



i 

s 



PROGRAMMABLE GAIN NON-INVERTING AMPLIFIER WITH SELECTABLE INPUTS 




Figure 7: Active Low Pass Filter with Digitally Selected Break Frequency 
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TRUTH TABLE (IH5052) 
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Figure 8: 4-Channel Sequencing MUX 
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A LATCHING DPDT SWITCH 

The latch feature insurejS positive switching action in 
response to non-repetitive or erratic commands. The A^ 
and A2 inputs are normally low. A HIGH Input to A2 turns Si 
and S2 ON, a HIGH to Ai turns S3 and S4 ON. Desirable for 
use with limit detectors, peak detectors, or mechanical 
contact closures. 






TRUTH TABLE (IH5052) 




COMMAND 


STATE OF SWITCHES 
AFTER COMMAND 


A2 Ai 
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1 1 


S3 & S4 Si & S2 

same same 

on off 

off on 
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Figure 9: A Latching DPDT 
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IH5108 

8-Channel Fault Protected 
CMOS Analog Multiplexer 
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GENERAL DESCRIPTION 

The IH5108 is a dielectrically isolated CMOS monolithic 
analog multiplexer, designed as a plug-in replacement for 
the HI508A and similar devices, but adds fault protection to 
the standard performance. A unique serial MOSFET switch 
ensures that an OFF channel will remain OFF when the 
input exceeds the supply rails by up to ±25V, even with the 
supply voltage at zero. Further, an ON channel will be 
limited to a throughput of about 1.5V less than the supply 
rails, thus affording protection to any following circuitry such 
as op amps, D/A converters, etc. 

A binary 3-bit address code together with the ENable 
input allows selection of any one channel, or none at all. 
These 4 inputs are all TTL compatible for easy logic 
interface; the ENable input also facilitates MUX expansion 
and cascading. 

ORDERING INFORMATION 



FEATURES 

• All Channels OFF When Power OFF, for Analog 
Signals up to ±25V 

• Power Supply Quiescent Current Less Than 1mA 

• ±13V Analog Signal Rang^e 

• No SCR Latchup 

• Break-Before^Make Switching 

• Pin Compatible With HI-508A 

• Any Channel Turns OFF if Input Exceedsl Supply 
Rails by Up to ±29V 

• TTL and CMOS Compatible Binary Address and 
ENable Inputs 



PART NUMBER 


TEMPERATURE RANGE 


PACKAGE 


IH5108MJE 


-55°C to +125**C 


16 pin CERDIP 


IH5108IJE 


-20X to +85X 


16 pin CERDIP 


IH5108CPE 


O^'C to 70*^0 


16 pin plastic DIP 




ADDRESS DECODE 
tOF8 



TTTJ 



A2 EN (ENABLE INPUT) 

3 LINE BINARY ADDRESS INPUTS 

(1 nANDENHi 

ABOVE EXAMPLE SHOWS CHANNEL 6 TURNED ON 



LD00190I 

Figure 1: Functional Diagram 
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Logic "1"=Vah^2.4V 
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(outline dwg JE, RE) 
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EN [T 

v-[T 
Si [T 
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16] Ai 

14] CNO 
13) V + 
12] Ss 

11] S« 
10] Sr 
T] Sa 



Figure 2: Pin Configuration 
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IH5108 





I ABSOLUTE MAXIMUM RATINGS 

V|n(A, EN) V~ to (V^ -0.05) 

V|n(A, EN) to Ground -15V to 15V 

Vs or Vd to V"^ +25V, -40V 

Vs or Vd to V~ -25V, +40V 

V"^ to Ground 16V 

V" to Ground , -16V 



Current (Any Terminal) ......: 20mA 

Operating Temperature -55 to 125°C 

Storage Temperature . . . .c ,...., -65 to 1 50°C 

Lead Temperature (Soldering, i Osec) .SOO^'C 

Power Dissipation*..., 1200mW 

*AII leads soldered or welded to PC board. Derate 10mW/°C above 70°C. 

Stresses above those listed under Absolute Maximum Rating^ may cause permanent damage to the device. These are stress ratings only, and iMhctronal 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to 
absolute maximum rating conditions fdr extended periods may affect device reliability. 



ELECTRICAL CHARACTERISTICS (V 


"*■ =15V, V"-- 


15V, Ven =* 2.4V, unless otherwise specified.) 




CHARACTERISTIC 


MEASURED 
TERMINAL 


NO 

TESTS 

PER 

TEMP 


TEST CONDITIONS 


TYP 
25X 


MAX LIMITS 


UNIT 


M SUFPIX 


C SUFFIX 


-SS'C 


25X 


125X 


-20X/ 
OX 


25X 


85X/ 
70X 


SWITCH 1 


rDS(on) 


StoD 


8 

8 


Vd « 10V, 

Is =- 1.0mA 


Sequence each 
switch on 

Val = 0.8V. 
Vah = 2.4V 


700 


1000 


1000 


1500 


1200 


1200 


1800 


f2 


Vd=-10V 
Is »- 1.0mA 


500 


1000 


1000 


1500 


1200 


1200 
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ArDS(on) 






rDS(on)max-rDS(on)min 
ArDS(on)* 

''DS(on)avg 

Vs*±10V 


' 












^ 


% 


IS(off) 


S 


8 


Vs = 10V, Vd=-10V 


Ven* 0.8V 


0.02 




±0.5 


50 




±1.0 


50 . 


nA 


8 


Vs=-10V, Vd = 10V 


0.02 




+ 0.5 


50 




±1.0 


50 


iD(off) 


. D 
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Vd«10V, Vs=-10V 


0.02 




±1.0 
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±2.0 


100 
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Vd»-10V, Vs = 10V 


0.05 




±1.0 


100 




±2.0 


100 


iD(on) 


D 


8 


Vs(A»)-Vd = 10V 


Sequence each 
switch on 

Val = 0.8V, 
VAH-2.4V, 
Ven » 2.4V 
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±5 


. 100 
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Vs(Ali)-VD=-10V 


0.1 




±2.0 


100 




±5 
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S 
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VsuPP-0V,V|N = ±25V, 
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Oven/oltage 


S 
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EN 
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±1.0 


30 




10 


30 


DYNAMIC 1 
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See Figure 3 
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See Figure 4 
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See Figure 5 


0.6 




1.5 










toff(EN) 


D , 




0.4 




1 










ton-toff Break- 
Before-Make 
Delay Settling 
Time 


D 


8 


Ven=+5V,Ao,Ai,A2 Strobed 
V|N = ±10V, Figures 


10 
















"OFF" Isolation 


D 




Ven = 0, Rl = 200a Cl = 3pF, Vs = 3 VRMS, 
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IH5108 



CHARACTERISTIC 


MEASURED 
TERMINAL 


NO 
TESTS 

PER 
TEMP 


TEST CONDITIONS 


TYP 
25-0 


MAX LIMITS 


UNIT 


M SUFFIX 


C SUFFIX 


-55X 


25X 


125X 


-20'C/ 
0*C 


25X 


85X/ 
70'C 


SUPHY 1 


Supply 


1-^ 


1 


All VadD-OV/SV 


0.5 


0.7 


0.6 


0.5 




1.0 




mA 


Current 


r 


1 


0.02 


0.7 


0.6 


0.5 




1.0 



X 

III 

i 



Note 1. Readings taken 400ms after the overvoltage occurs. 

SWITCHING TIME TEST CIRCUITS 
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Figure 6: Break-Before-Make Delay Test Circuit and Waveforms 



DETAILED DESCRIPTION 

The IH5108, like ail Intersil's multiplexers, contains a set 
of CMOS switches that form the channels, and driver and 
decoder circuitry to control which channel turns ON, if any. 
In addition, the IH5108 contains an internal regulator which 
provides a fully TTL compatible ENable input that is 
identical in operation to the Address inputs. This does away 
with the special conditions th^t many multiplexer enable 
inputs require for proper logic swings. The identical circuit 
conditions of the ENable and Address lines also helps 
ensure the extension of break-before-make switching to 
wider multiplexer systems (see applications section). 

Another, and more important difference lies in the 
switching channel. Previous devices have used parallel n- 
and p-channel MOSFET switches. While this scheme yields 
reasonably good ON resistance characteristics and allows 
the switching of rail-to-rail input signals, it also has a number 
of drawbacks. The sources and drains of the switch 
transistors will conduct to the substrate if the input goes 
outside the Supply rails, and even careful use of diodes 
cannot avoid channel-to-output and channei-to-channel 
coupling in cases of input overrange. The IH5108 uses a 
novel series arrangement of the p- and n-channel switches 
(Figure 7) combined with a dielectrically isolated process to 
eliminate these problems. 
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INPUT 




+ 15V 

I 




COMMON 
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-15V FROM + 15V FROM 
DRIVER DRIVER 



Figure 7: Series Connection of Channel 
Switches 



Within the normal analog signal range, the inherent 
variation of switch ON resistance will balance out almost as 
well as the customary parallel configuration, but as the 
analog signal approaches either supply rail, even for an ON 
channel, either the p- or the n-channel will become a source 
follower, disconnecting the channel (Figure 8). Thus protec- 
tion-Is provided for any Input or output channel against 
overvoltage, even in the absence of multiplexer supply 
voltages. This applies up to the breakdown voltage of the 
respective switches. Figure 9 shows a rriore detailed 
schematic of the channel switches, including the back-gate 
driver devices which ensure optimum channel ON resis- 
tances and breakdown voltage under the various condi- 
tions. 
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Figure 8: Overvoltage Protection 



Under some circumstances, if the logic inputs are present 
but the multiplexer supplies are not, the circuit will use the 
logic inputs as a sort of phantom supply; this could result In 
an output up to that logic level. To prevent this from 
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IH5108 

DETAILED DESCRIPTION (CONT.) 

occurring, simply ensure that the ENable piin is LOW any 
time the multiplexer supply voltages are missing (Figure 1 0). 
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Figure 9: Detailed Chiannel Switch Schematic 
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MAXIMUM SIGNAL HANDLING 
CAPABILITY 

The IH5108 is designed to handle signals in the ±10V 
range, with a typical rDS(on) of 60012; it can successfully 
handle signals up to ±13V, however, rDS(on) will increase to 
about 1 .8kl2. Beyond ± 13V the device approaches an open 
circuit, and thus ± 1 2V is about the practical limit, see Figure 
11. 

Figure 12 shows the Input/output characteristics of an 
ON channel, illustrating the inherent limiting action of the 
series switch connection (see Detailed Description), while 
Figure 1 3 gives the ON resistance variation with tempera- 
ture. 
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Figure 11: rDS(on) vs Signal Output Voltage @ Ta= +25''C 
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Figure 12: IVIUX Output Voltage vs Input Voltage (Channel 1 Shown; All Channels Similar) 
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USING THE IH5108 WITH SUPPLIES 
OTHER THAN ±15V 

The IH5108 will operate successfully with supply voltages 
from ±5V to ±15V, however rDS(on) increases as supply 
voltage decreases, as shown in Figure 14. Leakage cur- 
rents, on the other hand, decrease with a lowering of supply 
voltage, and therefore the error term product of rDS(on) and 
leakage current remains reasonably constant. rDS(on) also 
decreases as signal levels decrease. For high system 
accuracy [acceptable levels of rDS(on)] ^h© maximum input 
signal should be 3V less than the supply voltages. The logic 
levels remain TTL compatible. 

APPLICATION NOTES 

Further information may be found in: 

A003 "Understanding and Applying the Analog Switch," 

by Dave FuHagar 
A006 "A New CMOS .Analog Gate Technology," by Dave 

Fullagar 
A020 "A Cookbook Approach to High Speed Data 

Acquisition and Microprocessor Interfacing," by Ed 

Slieger 

IH5108 APPLICATIONS INFORMATION 
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Figure 15: 1 of 16 Channel Multiplexer Using Two IH5108S. Overvoltage Protection Is Maintained 
Between All Channels, As Is Break-Before-Make Switching. 
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IH5108 APPLICATIONS INFORMATION (CONT.) 
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Figure 16: 1 Of 32 Multiplexer Using 4 IHSIOSs and An IH5053 As A Submultiplexer. Note That The 
IH5053 Is Protected Against Overvoltages By The IHSIOSs. Submultiplexing Reduces 
Output Leakage and Capacitance. 
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iH5116 

16-Channel Fault Protecli 
CMOS Analog Multig^M 

GENERAL DESCRIPTION 

The IH5116 is a dielectrically isolated CMOS monolithic 
analog multiplexer, designed as a plug-in replacement for 
the HI506A and similar devices, but adding fault protection 
to the standard performance. A unique serial MOSFET 
switch ensures that an OFF channel will remain OFF when 
the input exceeds the supply rails by up to ±25V, even with 
the supply voltage at zero. Further, an ON channel will be 
limited to a throughput of about 1 .5V less than the supply 
rails, thus affording protection to any following circuitry such 
as op amps, D/A converters, etc. Cross talk onto "good" 
channels Is also prevented. 

A binary 2-bit address code together with the ENable 
input allows selection of any channel pair or none at all. 
These 3 inputs are all TTL compatible for easy logic 
interface. The ENable input also facilitates MUX expansion 
and cascading. 

ORDERING INFORMATION 






PART 
NUMBER 


TEMPERATURE 
RANGE 


PACKAGE 


IH5116MJI 


-ss'^c to H-ias^'c 


28 pin CERDIP 
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ox to +70**C 


28 pin CERDIP 
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IS v 


Ncd 




iss 


S16(T 




»1S7 


S15[T 




Else 


S14[T 




Hiss 


S13CI 
$12(1 


iHSiie 


i]s4 

Hiss 


Slid 




»lS2 


SioQo 




msi 


S9Q1 




i«]EN 


GNOm 




iDAo 


NCQI 




lAt 


A3G1 




!llA2 




TOP VIEW 




V^COMMON TO SUBSTRATE 


CD03131I 


Figure 1: Pin Configuration 


(Outline dwg JE, PE) 




FEATURES 

• All Channels OFF When Power OFF, for Analog 
Signals Up to ±25V 

• Power Supply Quiescent Current Less Than 1mA 

• ±13V Analog Signal Range 

• No SCR Latchup 

• Break-Before-Make Switching 

• TTL and CMOS Compatible Strobe Control 

• Pin Compatible With HI506A 

• Any Channel Turns OFF If Input Exceeds Supply 
Rails By Up to ±25V 

• TTL and CMOS Compatible Binary Address and 
ENable Inputs 
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Figure 2: Functional Diagram 
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IH5116 
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01 



ABSOLUTE MAXIMUM RATINGS 

V|N (A, EN) to Ground... -15V to +15V 

Vs or Vd to V"^ +25V to -40V 

Vs or Vd to V~ -25V to +40V 

V+ to Ground 16V 

V" to Ground -16V 



Current (Any Terminal) 20mA 

Operating Temperature -55 to +125°C 

Storage Temperature -65 to +150X 

Lead Temperature (Soldering, 10sec) 300°C 

Power Dissipation* 1200mW 

*AII leads soldered or welded to PC board. Derate 10mW/'*C above 70°C. 



Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings only; and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 

ELECTRICAL CHARACTERISTICS (V"^ = 15V, V - -15V, Ven = 2.4V. unless othen/vise specified.) 
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I IH5140^IH5145 Family 

S High-Level 

3 CMOS Analog Switch 




GENERAL DESCRIPTION 

the IH5140 Family of CMOS monolithic switches utilizes 
Intersil's latch-free junction isolated processing to build the 
fastest switches currently available. These switches can be 
toggled at a rate of greater than 1 MHz with super fast ton 
times (80ns (typical) and faster toff times (50ns typical), 
guaranteeing break before make switching. This family of 
switches combines the speed of the hybrid FET DG180 
family with the reliability and low power consumption of a 
monolithic CMOS construction. 

OFF leakages are guaranteed to be less than 200pA at 
25**C. Very low quiescent power Is dissipated in either the 
ON or the OFF state of the switch. Maximum power supply 
current is 1juA frorn any supply and typical quiescent 
currents are in the 10nA range which makes these devices 
Ideal for portable equipment and military applications. 

The IH5140 Family is completely compatible with TTL 
(5V) logic, TTL open collector logic and CMOS logic. It is pin 
compatible with Intersil's IH5040 family and part of the 
DG180/190 family as shown in the switching state dia- 
grams. 



FEATURES 

• Super Fast Break-Before-Make Switching 

• ton 80ns Typ, toff 50ns Typ (SPST Switches) 

• Power Supply Currents Less Than I/liA 

• OFF Leakages Less Than lOOpA @ 25*^0 
Guaranteed 

• Non-latching With Supply Turn-off 

• Single Monolithic CMOS Chip 

• Plug-in Replacements for IH5040 Family and Part 
of the DG180 Family fo Upgrade Speed and 
Leakage 

• Greater Than 1MHz Toggle Rate 

• Switches Greater Than 20Vp-p Signals With ±15V 
Supplies 

• TTL, CMOS Direct Compatibility 



ORDERING INFORMATION 



Order 
Part Number 


Function 


Package 


Temperature 
Range 


IH5140 MJE 


SPST 


16 Pin CERDIP 


-55°C to 125°C 


IH5140 CJE 


SPST 


16 Pin CERDIP 


0°C to 70°C 


IH5140 CPE 


SPST 


16 Pin Plastic DIP 


0°C to 70'C 


IH5140 MFD 


SPST 


14 Pin Flat Pack 


-55°C to 125°C 


IH5141 MJE 


Dual SPST 


16 Pin CERDIP 


-55°C to 125°C 


IH5141 CJE 


Dual SPST 


16 Pin CERDIP 


OX to ro-'c 


IH5141 CPE 


Dual SPST 


16 Pin Plastic DIP 


0°C to 70°C 


IH5141 MFD 


Dual SPST 


14 Pin Flat Pack 


-55°C to 125X 


IH5141 CTW 


Dual SPST 


Taioo 


OX to 70X 


IH5141 MTW 


Dual SPST 


TO-100 


-SS'C to 125°C 


IH5142 MJE 


SPDT 


16 Pin CERDIP 


-55X to 125°C 


IH5142 CJE 


SPOT 


16 Pin CERDIP 


0°C to 70°C 


IH5142 CPE 


SPDT 


16 Pin Plastic DIP 


OX to 70X 


IH5142 MFD 


SPDT 


14 Pin Flat Pack 


-55X to 125X 


IH5142 CTW 


SPDT 


TO-100 


OX to 70X 


IH5142 MTW 


SPDT 


TO-100 


-55X to 125X 


IH5143 MJE 


Dual SPDT 


16 Pin CERDIP 


-55X to 125X 


IH5143 CJE 


Dual SPDT 


16 Pin CERDIP 


OX to 70X 


IH5143 CPE 


Dual SPDT 


16 Pin Plastic DIP 


OX to 70X 


IH5143 MFD 


dual SPDT 


14 Pin Flat Pack 


-55X to 125X 


IH5144 MJE 


DPST 


16 Pin CERDIP 


-55X to 125X 


IH5144 CJE 


DPST 


16 Pin CERDIP 


OX to 70X 


IH5144 CPE 


DPST 


16 Pin Plastic DIP 


OX to 70X 


IH5144 MFD 


DPST 


14 Pin Flat Pack 


-55X to 125X 


IH5144 CTW 


DPST 


TO-100 


OX to 70X 


IH5144 MTW 


DPST 


TO-100 


-55X to 125X 


IH5145 MJE 


Dual DPST 


16 Pin CERDIP 


-55X to 125X 


IH5145 QE 


Dual DPST 


16 Pin CERDIP 


OX to 70X 


IH5145 CPE 


Dual DPST 


16 Pin Plastic DIP 


OX to 70X 


IH5145 MFD 


Dual DPST 


14 Pin Flat Pack 


-55X to 125X 



1. Ceramic (side braze) devices also available; consult factory 

2 MIL temp range parts also available with MIL-STD-883 processing. 
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Figure 1: Functional Diagram Typical Driver/ 
Gate - IH5142 
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IH5140-IH5145 



ABSOLUTE MAXIMUM RATINGS 



s 

(n 



V"^ - V- <33V 

V+ - Vd <30V 

Vd - V- ..., <30V 

Vd - Vs <±22V 

Vl - V" <33V 

Vl - V|N <30V 

Vl <20V 

V|N <20V 

NOTE: Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. 
Exposure to absolute maximum ratmg conditions for extended periods may affect device reltability. 



Current (Any Terminal) < 30mA 

Storage Temperature -65°C to +150°C 

Operating Temperature -55°C to + 1 25°C 

Lead Temperature (Soldering 10sec) 300°C 

Power Dissipation 450mW 

(All Leads Soldered to a P.C. Board) 
Derate 6 mW/°C Above yO^'C 



ELECTRICAL CHARACTER 


STICS (@ 25*'C, V"^ = +15V, V~ ' 


= ~16V 


, Vl=* +5V) 








PER CHANNEL 


TEST CONDITIONS 


MIN/MAX LIMITS 


UNIT 


SYMBOL 


CHARACTERISTIC 


MILITARY 


COMMERCIAL 


-55X 


+ 25X 


+ 125X 





+ 25"'C 


+ 70°C 


LOGtC INPUT 1 


IjNH 


Input Logic Current 


V|N = 2.4V Note 1 


±1 


±1 


10 




±10 


10 


Ilk 


l|NL 


Input Logic Current 


V|N = 0.8V Note 1 


±1 


±1 


10 




±10 


10 


iuA 


SWITCH 1 


rDS(on) 


Drain-Source On 
Resistance 


ls= -10mA 

Vanalog = -iov to +iov 


50 


50 


75 


75 


75 


100 


Q. 


ArDS(on) 


Channel to Channel 
rDS{on) Match 






25 

(typ) 






30 

(typ) 




a 


Vanalog 


Mm. Analog Signal 
Handling Capability 






±11 
(typ) 






±10 

(typ) 




V 


iD(off) + 
IS(off) 


Switch OFF Leakage 
Current 


Vd= +10V, Vs=-10V 
Vd=-10V, Vs= +10V 




±.5 
+ .5 


100 
100 




±5 
±5 


100 
100 


nA 


iD(on) + 
iS(on) 


Switch On Leakage 
Current 


Vd = Vs=-10V to +10V 




±1 


200 




±2 


200 


nA 


CCRR 


Min. Channel to 
Channel Cross 
Coupling Rejection 
Ratio 


One Channel Off; Any Other 

Channel Switches 

See Performance Charactenstics 




54 

(typ) 






50 

(typ) 




dB 


ton 
toff 


Switch "ON" Time 
Switch "OFF" Time 


See switching time specifications and timing diagrams. 


Q(INJ ) 


Charge Injection 


See Performance Characteristics 




10 

(typ) 






15 

(typ) 




PC 


OIRR 


Mm. Off Isolation 
Rejection Ratio 


f=1MHz, RL=100fi, CL<5pF 
See Performance Characteristics 




54 

(typ) 






50 

(typ) 




dB 


SUPPLY 1 


1 + 


+ Power Supply 
Quiescent Current 


V+ = +15V, V- = -15V, 
Vl = + 5V 

See Performance Charactenstics 


1.0 


1.0 


10.0 


10 


10 


100 


mA 


1 - 


- Power Supply 
Quiescent Current 


1.0 


1.0 


10.0 


10 


10 


100 


iuA 


II 


+ 5V Supply 
Quiescent Current 


1.0 


1.0 


10.0 


10 


10 


100 


M 


Iqnd 


Gnd Supply 
Quiescent Current 


1.0 


1.0 


10.0 


10 


10 


100 


mA 



NOTES: 1. Some channels are turned on by high (1) logic inputs and other channels are turned on by low (0) inputs; 
describes the mm. range for switching properly. Refer to logic diagrams to find logical value of logic input 
OFF state. 
2. Typical values are for design aid only, not guaranteed and not subject to production testing. 



however 0.8V to 2.4V 
required to produce ON or 
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I IH5140^iH5l45 



1 TYPICAL PERFORMANCE CHARACTERISTICS 
7 
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ANALOG SIGNAL VOLTAGE (V) 

OP00620I 
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=15V. 


1 
♦5V SUPPLIES 





























♦10 +8 ^6 ^4 +2 0-2-4-6 

ANALOG SIGNAL VOLTAGE (V) 

rDS(on) vs. Power Supplies 




Charge ln|ection vs. Analog Signal 
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I I rniii 


1 1 I llltl 


1 I iiriii 


1 1 ! 11(11 


1 1 flllll 




.. 


-^^ 






1 -» 




-^ 


COAX TO SCOPE 


* ANALOG 'WVIH* ' 

• FREOUENCV 


^ 










^ 


^^ 


-40 
-20 


_i L 


3N COPPER GROU* 

1 — 1 1 1 mil 










1SV 




SOCKET 

L-lLliiiL 


O PLANE JIG 

1 1 1..,UilU LJL_LU.ili 


-—i iiiUi 



FREQUENCY (H») 



"OFF" Isolation vs. Frequency 




- PERIOD OF PULSE REPETITION RATE (ii$> 



Power Supply Currents vs. Logic Strobe 
Rate 




100K 
FREQUENCY <H2) 



Channel to Channel Cross Coupling 
Rejection vs. Frequency 
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IH5140-IH5145 



SWITCHING TIME SPECIFICATIONS 

(ton. toff ars maximum specifications and ton-toff 's minimum specifications) 



PART NUMBER 


SYMBOL 


CHARACTERISTIC 


TEST 
CONDITIONS 


MILITARY 


COMMERCIAL 


UNIT 


-55°C 


+ 25°C 


+ ns'^c 





+ 25''C 


+ 70°C 


IH5140- 
5141 


ton 
toff 
ton-toff 


Switch "ON" time 
Swrtch "OFF" time 
Break-before-make 


Figure 2 




100 
75 
10 






150 
125 
5 




rre 


ton 
toff 
ton-toff 


Switch "QN" time 
Switch "OFF" time 
Break-before-make 


Figure 3 




ISO 
125 

*10 im 






175 
150 
5 


^ 


ns 


IH5142- 
5143 


ton 
toff 
ton-toff 


Switch "ON" time 
Switch 'OFF" time 
Break-before-make 


Figure 2* 




175 
125 
10 






250 
150 
5 




ns 


ton 
toff 
ton-toff 


Switch "ON" time 
Switch "OFF" time 
Break-before-rrtake 


Figure 3 




200 
125 

•10 m) 






300 

150 
5 




ns 


ton 
toff 
ton-toff 


Switch "ON" time 
Switch "OFF" time 
Break-before-make 


Figure 4 




175 
125 
10 






250 
150 

5 




ns 


ton 
toff 
ton-toff 


Switch "ON" time 
Switch "OFF" time 
Break-before-make 


Figyre 5 




200 
125 
10 






300 
150 
5 




ns 


IH5144- 
5145 


ton 
toff 
ton-toff 


Switch "ON" time 
Switch "OFF" time 
Break-before-make 


Figure 2 




175 
125 
10 






250 
150 
5 




ns 


ton 
toff 
ton-toff 


Swrtch "ON" time 
Switch "OFF" time 
Break-before-make 


Figure 3 




200 
125 
MO 






300 
150 

5 . 




ns 



NOTE: SWITCHING TIMES ARE MEASURED @ 90% f>TS. 



' Typical values for design aid only^ not guaranteed nor subject to production t€»6ting. 



NOTE: SWITCHING TIMES ARE MEASURED (^ M%I»TS. 

Ion ««H 

\. J — ' — ■"•'UT 1 r. ««u ' 




Figure 2. 




Figure 4. 



it 8 



"1- 



it 



Figure 3. 



lOpF 



lOpF 





Figure 5. 
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to 

10 



IHdl40-«IHd145 



aeoifii^DiL 



FLATPACK (FD-2) 



T- t- 




DIP (JE, PE) 



18 -^ ^ I 



;ft^ 



SPST 
IH5140 (rDS(on) < 75^) 



FLATPACK (FD-2) 



h !i 



DIP (JE, PE) 



TO-100 




o^-C»^ 



F~F 



TM^ 



DUAL SPST 
IH5141 (rDS(on) < 75^) 




FLATPACK (FD-2) 



?- T' 



o^ 



DIP (JE, PE) 



TO-100 (DG188 EQUIVALENT) 



"FT 

GND V- 

SS00410I 

SPOT 
IH5142 (rDS(on) < 75 Q) 




FLATPACK (FD-2) 



ll h 



DIP (JE, PE) (DG191 EQUIVALENT) 



:?i^ 



T — P 



THF 



DUAL SPOT 
IH5143 (rDS(on) < 75^) 

SWITCH STATES ARE FOR LOGIC "1" INPUT 

Figure 6: Switching State Diagrams 
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IH5140-IH5145 






01 



FLATPACK (FD-2) 

Vl V 



DIP (JE, PE) 



?» ?n 



TO-100 



-o-Hs, 



-F^' 



^02 



-or* 



T^T 



DPST 
IH5144 (rDS(on) < 75i2) 



JkJ: 



-o-f*- 



••*<>-• -DHt>'-' 



T^ 



FLATPACK (FD-2) 



r- T' 



DIP (JE, PE) (DG185 EQUIVALENT) 









"FT 



DUAL DPST 
IH5145 (rDS(on) < 75^) 

Figure 6: Switching State Diagrams (Cont.) 



TYPICAL SWITCHING WAVEFORMS scale vert. - 5V/div. HORiz. = ioons/Div 

TTL OPEN COLLECTOR LOGIC DRIVE (Corresponds to Figure 8) 






+125 *»C 



TTL OPEN COLLECTOR LOGIC DRIVE (Corresponds to Figure 






+125°C 
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i 



lll#140^IH5145 

TYPICAL SWITCHING WAVEFORMS (CONT,) 



TTL OPEN COLLECTOR LOOIC DRIVE 

(Corresponds to Figure 10) 




TTL OPEN COLLECTOR LOGIC DRiVE 

(Corresponds to Figure 11) 




+a5*H: 



+2S°C 



APPLICATION NOTE 

T# maximize switching speed on the IH6140 family, TTL 
open ooHector logic (15V with a Ikli or less collector 
resistor) should be used. This configurat^n will result in 
(SPST) ton and toff times of 80ns and $Ons, for signals 
between -10V and +10V. The SPDT and DPST ^witches 
are approximately 30ns slower in both ton and toff with the 
same drive configuration. 15V CMOS lo^c teveis can bk 
used (OV to + 15V), but propagation delays in the CMOS 
• logic will slow down the switching (typical 50ns -* lOOr^s 
idelays). 

When driving the tH5140 Family from either 4^5V TTL or 
CMOS lo@ic, switching times run 20r^s slower than If they 
were driven from +15V logic levels. Thus ton »s about 
105ns, and toff 75n8 for SP$T ml^cjips, and ia5n8 and 
106ns (toil, ,tii«) for $?PT or CIPST swftches. The^Jow leyel 
drive can ^ mitc^ b^ fait a$ tf^e high levet dFl\^ if ±^y 
strobe lev^p .are lised instead df{ the usual OV«*S»»3,oy 
drive. Prn 1i ^ takeri'^ -SV i^ttd of the usu4tl(l|^p and 
strobe input % taken from 4-^ t0 V5V levels a$ #bp\^n Ih 
Figure 7. ;. ' ;l> ; ■_,> :• ^' . ' -yy, • a.;:.- •"-"'■ •" 

The ty|^0^HO>^^»ri^ of the IHi1 40 ftmily consists # botf^ 
P and N-ohami@i M^SSFIEtSi. The^|s|*5Jhannel MQSFiT iises t 
a "Pody iu*l»r" FET to driv^ tl#,body to -1§y (^i^5V 
supplies) to get good br^down voltages wheri the^tch 
is in the off state (Siee Fig. |). This "Body Puller" FET also 
allows the N-channel body to electrically float when tfie 
^Itch is iri the on state prc^ucing a, fairly constant 
RE^sCON) with different slgn^ yoltf^es. While thl$ "Body 
i^ulter" FET Imj^ovea switch performgwice. It can cause a 
problem ^h#ri m^^^ fapMt i»gr^f§ ure preset (r?|e#^y# 
signals c%||jind p^wir Wii^tles arf off. This fault cohditioi^ 
is shown .|rii FIguro '9,' "r .'//*- ''•/<:'' ■ '' 

Currertt 1^1 fl^ tor%i #^ I^Htog voltage throiiph itiie 
drain to body:|iifi(^l^nof'^|^ Ihef through the 6r^ to body 
junction of i^^to GJ^. T1ii» rneans t^^ there is tbv m^m^ 
two foHA^^rd-^i^^^^Jcoh ^dl^^Ca^^ current will go t^ 
whatever^ sf'ki^^' ikf Input s^hfif source is c^fjable pf 
supplying, If fp# a«:^og w$i^ 4^mk is derived Irom th^ 
same supplies as the switch fits fault condition cannot 



occur. Turning off the supplies would turn off the analog 
signal at the same time. 

This fault situation can also be eliminated by placing a 
diode in series with the negative supply line (pin 14) as 
shown In Figure 10. Now when the power supplies are off 
and a negative Input signal is present this diode is reverse 
biased and no current can flow. 



ANAI-OG OUT 
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6^ 


ANAtOQ IN (CHANNEL A) 
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-tsv 






(h 
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(w) 


-5V 
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@ 


+5V 
+15V 


-5V 










ANAtOO OUT 
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/a) 


ANALOG IN (CHANNEL B) 






CMOS 
LEVEL 
INPUT 
STROBE 



F^lire 7. 



«i^Mrf)OM "N 


o 




ANAl,O0IN 








^ O 


</ ■''-'', .■ 


b« 


2 ' 1 ' 


° 1 


t ® 


• SU'dSTf^ 


ATE 


l.,H,r ^ ''■'^^ l=l»nM 


t>myPm$ ^^ 


'1 




n ;d .."^ 




r" 


,, ^ DRIVERS 


-15V O 


' ' k :'■ 


» to 1^ 


fg ). 




it' « J ^ 














/Cli4AI.<>G OUT 

Figure 8. 






AF00290I 



AWALia^ m - -toy 



@ND When power 

SUI>|»l.i4p$ ABE OFF 







f^, 



Figiiri 9. 
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IH5140-IH5145 

APPLICATION NOTE (CONT.) 






01 




-^ 



"X 



Figure 10. 



APPLICATIONS 



<-15V 



ANALOG . 
INPUT ' 




+15V 



-15V 



kiH> 






^o^ 



I 

-1^ 



IH5143 



16 



15 



15V 



14 
13 

10 




-15V 
_. 10,000 pF 
1 POLY- 
- STYRENE 

) LOGIC INPUT 



-O OUTPUT 



+3V = > SAMPLE MODE 
0V''> HOLD MODE 



Figure 11: Improved Sample and Hold Using IH5143 



-V ANALOG 



:2R 



:2R 



LCH>J 



^^n>^ 



~^\^ 



IH5143 



-15V 




+VANALOG 

< 



TTL 

LOGIC 

STROBE 



< 

+VANALOG 




ETC.<— AAAr- 



R 



. ETC. 



EXAMPLE: If -Vanalog = -10VDC and + Vanalog = + 10VDC then Ladder Legs are switched between ±10VDC, depending upon state of Logic 
Strobe. 

Figure 12: Using the CMOS Switch to Drive an R/2R Ladder Network (2 Legs) 



3-117 
Note: All typical values have been guaranteed by characterization and are not tested. 



I llfS140f-lll5145 

APPLICATIONS (CONT.) 



SIGNAL 
INPUT 



100ki2 

O VA — f 




BANDPASS 
OUTPUT 

— o 



1 0,000 pF 



n 




LO PASS 
OUTPUT 



i*m^ 




+3V 

—J L- ov 

LOGIC 
STROBE 

AF00340I 

CONSTANT GAIN, CONSTANT Q, VARIABLE FREQUENCY FILTER WHICH PROVIDES SIMULTANEOUS LOWPASS, BANDPASS, AND HIGHPASS 
OUTPUTS. WITH THE COMPONENT VALUES SHOWN, CENTER FREQUENCY WILL BE 235Hz AND 23.5Hz FOR HIGH AND LOW LOGIC INPUTS 
RESPECTIVELY, Q« 100, AND GAIN » 100. 



fn « CENTER FREQUENCY = 



1 



27r RC 



Figure 13: Digitally Tuned Low Power Active Filter 
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IH5148-IH5151 

High-Level CMOS 
Analog Switches 

GENERAL DESCRIPTION 

The IH5148 family of solid state analog switches are 
designed using an improved, high voltage CMOS technolo- 
gy. Destructive latchup has been eliminated. Early CMOS 
switches were destroyed when power supplies were re- 
moved with an input signal present; the IH5148 CMOS 
technology has eliminated this problem. 

Key performance advantages of the 5148 series are TTL 
compatibility and ultra low-power operation. RDS(on) Switch 
resistance is typically in the ^4Q> To 18^ Area, for Signals 
in the -10V to + 10V range. Quiescent current is less than 
lO/uA. The 5148 also guarantees Break-Before-Make 
switching which is logically accomplished by extending the 
toN t'lT^© (200nsec typ.) such that it exceeds topF t'^e 
120nsec typ.). This insures that an ON channel will be 
turned OFF before an OFF channel can turn ON. The need 
for external logic required to avoid channel to channel 
shorting during switching is thus eliminated. 

Many of the devices in the 5148 series are pin-for-pin 
compatible with other analog switches, and offer improved 
electrical characteristics. 

ORDERING INFORMATION 




01 

00 
I 

X 



15V 



FEATURES 

• Low Rds(ON) — 25i2 

• Switches Greater Than 20Vpp Signals With 
Supplies 

• Quiescent Current Less Than lOOjuA 

• Brealc-Before-IMalce Switching toFF 120nsec, Typ. 
toN 200nsec Typical 

• TTL, CMOS Compatible 

• Non-Latching With Supply Turn-Off 

• Complete Monolithic Construction 

• ±5V to ±15V Supply Range 

CMOS ANALOG SWITCH PRODUCT 
CONDITIONING 

• The Following Processes Are Performed 100% in 
Accordance With MIL-STD-883 

• Precap Visual — Method 2010, Cond. B 

• Stabilization Balce —- Method 1008 

• Temperature Cycle -^ Method 1010 

• Centrifuge — Method 2001, Cond. E 

• IHermeticity — Method 1014, Cond. A, C 

• (Leak Rate < 5 x 10"^ atm cc/s) 



ORDER PART 
NUMBER 


FUNCTION 


PACKAGE 


TEMPERATURE RANGE 


HARRIS 
EQUIVALENT 


IH5148MJE 
IH5148CJE 
IH5148CPE 
IH5148MFD 
IH5148CTW 
IH5148IVITW 


Dual SPST 
Dual SPST 
Dual SPST 
Dual SPST 
Dual SPST 
Dual SPST 


16 Pin CERDIP 
16 Pin CERDIP 
16 Pin Plastic DIP 
14 Pin Flat Pack 
TO-100 
TO-100 


-55X to las^'c 
ox to 70X 
OX to 70^ 
-SOX to 125X 
OX to 70X 
-55X to 125X 


HI-5048 
HI-5048 
HI-5048 
HI-5048 
HI-S048 
HI-5048 


IH5149IVIJE 
IH5149CJE 
IH5149CPE 
IH5149iVIFD 


Dual DPST 
Dual DPST 
Dual DPST 
Dual DPST 


16 Pin CERDIP 
16 Pin CERDIP 
16 Pin Plastic DIP 
14 Pin Flat Pack 


-55X to 125X 
OX to 70X 
OX to 70X 
-SOX to 125X 


HI-5049 
HI-S049 
HI-S049 
HI-S049 


IH5150MJE 
IH5150CJE 
IH5150CPE 
IH5150MFD 
IH5150CTW 
IH5150MTW 


SPDT 
SPDT 
SPDT 
SPDT 
SPDT 
SPDT 


16 Pin CERDIP 
16 Pin CERDIP 
16 Pin Plastic DIP 
14 Pin Flat Pack 
TO-100 
TO-100 


-S5X to 125X 
OX to 70X 
OX to 70X 
-SOX to 125X 
OX to 70X 
-S5X to 12SX 


HI-50S0 
HI-5050 
HI-5050 
HI-50S0 
HI-SOSO 
HI-SOSO 


IH5151MJE 
IH5151CJE 
IH5151CPE 
IH5151MFD 


Dual SPDT 
Dual SPDT 
Dual SPDT 
Dual SPDT 


16 Pin CERDIP 
16 Pin CERDIP 
16 Pin Plastic DIP 
14 Pin Flat Pack 


-SSX to 12SX 
OX to 70X 
OX to 70X 
-SOX to 12SX 


HI-S051 
HI-50S1 
HI-S051 
HI-S051 



NOTES: 1 . Ceramic (side braze) devices also available; consult factory. 

2. MIL temp range parts also available with MIL-STD-883 processing. 



3-119 
Note: All typical values have been guaranteed by characterization and are not tested. 



304300-002 



S III5148-IH5151 

$ ABSOLUTE MAXIMUM RATINGS 







V"^, V- 



<36V 

V"^, Vd <30V 

Vd. V- <30V 

Vd, Vs <±22V 

Vl, V" <33V 

Vl, V|n <30V 

Vl <20V 

V|N ....:... <20V 

NOTE: Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions above those indicated m the operational sections of the specifications is not implied. 
Exposure to absolute maximum rating conditions for extended penods may affect device reliability 



Current (Any Terminal) < 50mA 

Storage Temperature -65°C to +150°C 

Operating Temperature -SS^'C. to +125°C 

Lead Temperature (Soldering, 10sec) ...:....... 300°C 

Power Dissipation .450mW 

(All Leads Soldered to a P.C. Board) 
Der-ate 6mW/°C Above 70°C 



+15V(Vi) 



11 



Q3 



Q7 



^W ^f 



4KQ J5KQ 



TTL r-n 






nfl 



€ 



n3 

, irsA 



h 



'LQ9 QND « (Vr) 



|3KQ 



|5K0 



Vl)=+5V 



15V 
Q10 



Q4 ^ 



- |Q20 



4 



H^ 



.018 

JTt_ 



+ 15V 



H^ 



"X — 1 







Q16 



JTT 91L. 



Q12i 



Q6 



14 



~~Jl.Q 15 

JTL 

I + 1S 



W 



I-15V 



16 



Q13 



-16V (V2) 



yil 



Q14 



Figure 1: Functional Diagram (Typical Switch Schematic-IHSISO in IS pin DIP PKG.) 
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IH5148-IH5151 



ELECTRICAL CHARACTERISTICS (Ta @ 25°c, 


S/-^ = +15V, V- = 


-15V, Vl= +5V) 






PER CHANNEL 


TEST CONDITIONS 


MIN/MAX LIMITS 


UNIT 


' SYMBOL 


CHARACTERISTIC 


MILITARY 


COMMERCIAL 


-55X 


+ 25°C 


+ 125X 





+ 25X 


+ 70''C 


l|N(ON) 


Input Logic Current 


V|N = 2 4V (Note 1) 


±1 


±1 


±10 




±1 


±10 


mA 


l|N(OFF) 


Input Logic Current 


V|N = 8V (Note 1) 


±1 


±1 


±10 




±1 


±10 


mA 


RdS{ON) 


Dram-Source On 
Resistance 


Vd = ±10V, Is= -10mA 


25 


25 


50 




30 




^ 


ARdS(ON) 


Channel to Channel 
RdS(ON) Match 






10 

(Typ) 






15 

(Typ) 




a 


Vanalog 


Min. Analog Signal 
Handling Capability 






±14 
(Typ) 






±14 

(Typ) 




V 


Id(off) 

IS(OFF) 


Switch OFF Leakage 
Current 


Vanalog = -10V to +iov 




±0.5 


50 




±1.0 


100 


nA 


ID(ON) + 
IS(ON) 


Switch On Leakage 
Current 


Vd = Vs=-10V to +10V 




±1.0 


100 




±2.0 


100 


nA 


Q(INJ) 


Charge Injection 


See Figure 4 




(10) 
(Typ) 






(10) 
(Typ) 




mV 


OIRR 


Min. Off Isolation 
Rejection Ratio 


l = 1MHz, Rl= lOOa CL<5pF 
See Figure 5 




54 
(Typ) 






50 
(Typ) 




dB 


SUPPLY 


1 + 


+ Power Supply 
Quiescent Current 


Vi= +15V, V2= -15V. 
Vl = + 5V, Vr = 


10 


10 


100 




10 




M 


r 


-Power Supply 
Quiescent Current 


10 


10 


100 




10 




HA 


II 


+ 5V Supply 
Quiescent Current 


10 


10 


100 




10 




ptA 


'gnd 


Gnd Supply 
Quiescent Current 


10 


10 


100 


- 


10 




mA 


CCRR 


Mm. Channel to 
Channel Cross 
Coupling Rejection 
Ratio 


One Channel Off; Any Other 
Channel Switches as per 
Figure 8 




54 

(Typ) 






50 




dB 



NOTE 1: Some channels are turned on by high "1 " logic inputs and other channels are turned on by low "0" inputs; however 0.8V to 2.4V describes the min. 
range for switching properly. Refer to logic diagrams to find logical value of logic input required to produce "ON" or "OFF" state. 

SWITCHING TIME SPECIFICATION 
IH5148 SPST SWITCH 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN 


MAX 


UNIT 


ton 


Switch "on" time 


' RL = iKn. Vanalog = -10V 




250 


ns 


toff 


Switch "off" time 


To + 10V; See Figures 3 and 6 




200 


ns 


IH5149 DPST SWITCH 


SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN 


MAX 


UNIT 


ton 


Switch "on" time 


RL = iKa Vanalog = -10V 




350 


ns 


toff 


Switch "off" time 


To + 10V; See Figures 3 and 6 




250 


ns 


H5150 & IH5151 SPOT SWITCH 


SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN 


MAX 


UNIT 


ton 


Switch "on" time 


Rl = ik^, Vanalog- -10V 




500 


ns 


toff 


Switch "off" time 


To +10V; See Figures 3 and 6 




250 


ns 



1 

i 



NOTE 2: For IH5150 & iH5151 devices, channels which are off for logic input > 2.4V (Pins 3 & 4 on 5150, & Pins 3 & 4, 5 & 6 on 5151) have slower ton time, 
than channels on Pins 1, 16, & 8, 9. This is done so switch will maintain break-before-make action when connected in DT configuration, i.e. Pin 1 
connected in Pm 3. 
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g IH5148-IH5151 

10 



€0 



SWITCH STATES ARE FOR 
LOGIC "1" INPUT 



FLAT PACKAGE 



DIP (DE) PACKAGE 



(TW) PACKAGE 



DUAL SPST IH5148 



h L 




F~T^ 



1l± 



-<xc 






T^A^ 




DUAL DPST IH5149 




«,oi 



f' F 






IlJi 



-or* 






•Cr^f^ 



-0>«- 



IM^ 



SPOT IH5150 




T F 





«l V* 




o'« 




'OOI 


4 


1 


'on 


o^ 








i" i'* 





«2 0: 




DUAL SPOT IH5151 




«»o4 



P F 






-or*- 






O^^-^^S 



o-f^ 



--04^ 



"Fl^ 



04 



Figure 2: Switching State Diagrams 
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IH5148-IH5151 

TEST CIRCUITS 



i 



d 



ANALOG INPUT 

" 10V 



LOGIC 
INPUT 



-£»-/ 



Figure 3 



l^OUT 



.JT 

LOGIC 
INPUT 



-o->-/. 



Figure 4 



LOatC INPUT 
(NOTE 1) 



TCHy-/ 



<tooo 



Figure 5 



TYPICAL PERFORMANCE CHARACTERISTICS (Per Channel) 

RdS(ON) @ ±15V, ±5V SUPPLIES 
ROS(ON) 
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IH5l4d»mS151 

TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 



OFF ISOLATION vs FREQUENCY 



-120 
-100 

[ -80 

i -60 

c 

-40 

-20 
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V 
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s 


s 


Sk 
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0- - --sa 






OFF STATE 
DEPENDS ON PART 



-O^-f, 



1Hz 10Hz 100Hz Ik 10k 100k 1M 
FREQUENCY (Hz) 



POWER SUPPLY QUIESCENT CURRENT vs LOGIC 
FREQUENCY RATE 




10 100 Ik 10k 100k 



LOGIC FREQUENCY @ 10% DUTY CYCLE (Hz) 

OP05671I 



t51Q 



-OVOUT 



i 



lOon 



OFF ISOLATION TEST CIRCUIT 



3V 



O.li 



LOGIC IN 



f-i 



LOGIC INPUT WAVEFORM 



VOUTA 



iopfL 

I 



VOUTB 



iopfJ7 
I 




)±10V 




ton toff 


)-15V 


OVlF ilVouT 


)+5V 


'- ov 


+3VI' 

1 LOGIC INPUT 


)+15V 


ov 


J 1' 

^-iov||vouT 

«n toff 


)±10V 






TC03670t 



Figure 6: Switching Time Test Circuit 
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IH5148«'III5151 

Nulling Out Charge Injection: 

Charge injection (Qinv. on spec, sheet) is caused by gate 
to drain, or gate to source capacitance of the output switch 
MOSFET. The gates of these MOSFETs typically swing 
from -15V to + 15V as a rapidly changing pulse; thus this 
30Vpp pulse is coupled through gate capacitance to output 
load capacitance, and the output "step" is a voltage divider 
from this combination. For example: 



Qinject (Vpp) 



^Load 



-^gat^ = 



Qinject(Vpp) 



1 .5pF, Ctoad 
1.5pF 



x30V step. 



lOOOpF, then 



X 30V step = 45mVpp 



lOOOpF 

Thus if you are using switch in a Sample & Hold 
application with Csample ~ lOOOpF, a 45mVpp "Sample to 
Hold error step" will occur. 

To null this error step out to zero the following circuit can 
be used: 



lOOOpF 4= 
S&H I 




•♦•av 
r ^ TTL STROBE 



Figure 7: Adjustable Charge Injection 
Compensation Circuit 



The circuit shown above nulls out charge injection effects 
on switch pins 1 and 16; a similar circuit would be required 
on switch pins 8 and 9. 

Simply adjust the pot until Vqut - OmVpp pulse, with 

Vanalog * ov. 

If you do not desire to do any adjusting, but wish the least 
amount of charge injection possible, then the following 
circuit should be used: 





„27pF 




vout 


II 




+ 3V 


1 

CAPACITOR-^T 


P< r^ "^ 


KV w 




^ T ^ TTL STROBE 
|lOKa 

>39K« 
1 leu 


®-»-l\/ 

® W + 15V 




Figure 


TC03281I 

8: No-Adjust Charge Injection 
Compensation Circuit 



This configuration will produce a typical charge Injection 
of VouT ^ lOmVpp into the lOOOpF S&H capacitor 
shown. 

Fault Condition Protection 

If your system has analog voltage levels which are 
independent of the ±15V (Power Supplies), and these 
analog levels can be present when supplies are shut off, 
you should add fault protection diodes as shown below: 



i 

I 

I 

i 




■w 



iN914 



-15V 



w 



IN914 



-+15V 



Figure 9: Adding Diodes Protects Switch 



If the analog input levels are below ± 15V, the pn 
junctions of Q1 3 & Q1 5 are reversed biased. However If the 
±15V supplies are shut off and analog levels are still 
present, the configuration becomes: 



(^}- 



WFRO 



OUTPUT SWITCH PAIR 



013 



-15V 



ANAIOG INPUT 

® 



N | t I N 

A FROM DRIVEN 

Figure 10 
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S IH5148-IH5151 



10 

S The need for these diodes, in this circumstance, is shown 

* below: 
CO 



10 

z 



&- 



,0 15 



OV WHEN 

f 15V SUPPLY 

SHUT OFF 



OV WHEN 
- 15V IS 
SHUT OFF 



— ® ANALOG INPUT 
SAY -10V TO +10V 



Figure 11 



This structure provides la degree of overyoltage protec- 
tion when supplies are on normally, and analog input level 
exceeds supplies. 

This circuit will switch up to about ±18V ANALOG 
overvoltages. Beyond this drain(N) to P(body) breakdown 
VOLTAGE of 01 3 limits overvoltage protedtion. 



If ANALOG in is greater than 1Vpn, then pn junction of 
015 is fOHA/ard biased and excessive current will be drawn. 
The addition of IN914 diodes prevents the fault currents 
from destroying the switch. A similar event would occur if 
ANALOG in was less than or equal to -IV, wherein 013 
would become forward biased. The IN914 diodes form a 
"back to back" diode arrangement with 013 & 015 bodies. 



HQis 



N 






21 IN914 






+ 15V 




_ OVERVOLTAGE 


-15V 
1 


■""■""■ "X^J ANALUb 

INPUT 


lklN914 






p 






N Jn 










TC03301I 


Figure 


12 
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IH5208 

4-Channel Differential 

Fault Protected 

CMOS Analog Multiplexer 




00 



GENERAL DESCRIPTION 

The IH5208 is a dielectrically isolated CMOS monolithic 
analog multiplexer, designed as a plug-In replacement for 
the HI509A and similar devices, but adds fault protection to 
the standard performance. A unique serial MOSFET switch 
ensures that an OFF channel will remain OFF when the 
input exceeds the supply rails by up to ±25V, even with the 
supply voltage at zero. Further, an ON channel will be 
limited to a throughput of about 1 .5V less than the supply 
rails, thus affording protection to any following circuitry such 
as op amps, D/A converters, etc. 

A binary 2-bit address code together with the ENable 
input allows selection of any channel pair or none at all. 
These 3 inputs are all TTL compatible for easy logic 
interface; the ENable input also facilitates MUX expansion 
and cascading. 

ORDERING INFORMATION 



FEATURES 

• All Channels OFF When Power OFF, for Analog 
Signals Up to ±25V 

• Power Supply Quiescent Current Less Than l/uA 

• ±13V Analog Signal Range 

• No SCR Latchup 

• Break-Before-Make Switching 

• TTL and CMOS Compatible Strobe Control 

• Pin Compatible With HI-509A 

• Any Channel Turns OFF If input Exceeds Supply 
Rails by Up to ±25V 

• TTL and CMOS Compatible Binary Address and 
ENable inputs 



PART NUMBER 


TEMPERATURE 
RANGE 


PACKAGE 


IH5208MJE 


-55X to +125**C 


16 pin CERDIP 


IH5208IJE 


- 20*^0 to +85X 


16 pin CERDIP 


IH5208CPE 


OX to 70X 


16 pin plastic DIP 




DECODE TRUTH TABLE 



Si« o — ►o- 




-►D. 



Sib o — >o- 




-►Db 



Ai 


Ao 


EN 


ON SWITCH 
PAIR 


X 


X 





NONE 








1 


1a, 1b 





1 


1 


2a, 2b 


1 





1 


3a, 3b 


1 


1 


1 


4a. 4b 



ADDRESS DECODE 
10F4 



nrr 



2 LINE BINARY ADDRESS INPUTS 

(0 0) AND EN s 1 

ABOVE EXAMPLE SHOWS CHANNELS la AND lb ON 



Figure 1: Functional Diagram 



Ao. Ai, EN 

Logic "1"=Vah^2.4V 

Logic "0"=Val^0.8V 



Ao 
EN {? 

y-[3 

si« E 

Sa, JT 

53. U 

54. [7 

D, [I 



n)QNO 
14) V + 
liJSri, 
^S» 

«|S36 
J0]S4I> 



Figure 2: Pin Configuration 
(Outline dwg JE, PE) 
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§ IH$2O0 



- ABSOLUTE MAXIMUM RATINGS 

V|N (A, EN) to Ground -15V, +15V 

Vs or Vd to V"^ : +25V, -40V 

Vs or Vd to V- -25V, +40V 

V^ to Ground 16V 

V" to Ground -16V 

Current (Any Terminal) .....20mA 



Operating Temperature . . „. ..........; -55 to 1 25*'C 

Storage Temperature.... -65 to 150°C 

Lead Temperature (Soldering, 10sec) 30p°C 

Power Dissipation (Package)* J.\... .V. 1 200mW 

*AII leads soldered or welded to PC board. Derate lOmW/X above 70°C. 



Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings only, and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 

ELECTRICAL CHARACTERISTICS v+ = 15V, V" = -15V, Ven = 2.4V. unless othen^^ise specified. 







MEASURED 
TERMINAL 


NO 
TESTS 

PER 
TEMP 






TYP 
25°C 


MAX LIMITS 


UNIT 


CHARACTERISTIC 


TEST CONDITIONS 


M SUFFIX 


C SUFFIX 


-55'C 


25X 


125X 


-ao'c/ 
ox 


25°C 


70X 


SWITCH 1 


•-08(00) 


S to D 


8 


Vd = 10V, 
ls=1.0nriA 


Sequence each 
switch on 

Val = 0.8V, 
Vah = 2.4V 


700 


1000 


1000 


1500 


1200 


1200 


1800 


n 


8 


Vd=-10V 
ls= -1.0mA 


500 


1000 


1000 


1500 


1200 


1200 


1800 


^'■DS(on) 






''DS(on)max-i'DS(on)min 
ArDS(on) = 

''DS(on)avg 

Vs = ±10V 


5 














% 


IS(off) 


S 


8 


Vs=10V, 
Vd=-10V 


Ven = 0.8V 


0.02 


' 


±0.5 


50 




±1.0 


, 50 


nA 


8 


Vs= -10V, 
Vd=10V 


0.02, 




±0.5 


50 





TiT' 


50 


iD(off) 


D 


1 


Vd=10V, 
Vs=-10V 


0.02 




±1.0 


100 




±2.0 


100 


1 


Vd=-iov;vs = iov 


0.05 






100 






100 


lD(ony 


D 


8 


VS{AII) = V0=10V 


Sequence each 
switch on 

Val = 0.8V, 
Vah = 2.4V 


01 




±2.0 


100 




±5,0 


100 


8 


Vs(A!!) = Vd=-10V 


0.1 




±2.0 


100 




±5.0 


100 


FAULT 1 


Is with 
Power OFF 


S 


8 


VSUPP = 0V, ViN = ±25V, 
Ven = Vo = OV, Ao. Ai, A2 = 0V 


1.0 




2 






5 




.; 


IS(off) with 
Oven/oltage 


S 


8 


V|N = ±25V, Vo = ±10V 


10 




5 






10 




INPUT . ^ 1 


lEN(on) lA(on) 
or 

'EN(off) 'Aipffj, 


Aq. Ai, A2 
or 
EN, , 


4 


Va = 2.4V or OV 


0.01 




-10 


-30 




-10 


-30 


mA 


4 


VA=15VorOV 


0.01 




10 


30 




10 


30 


DYNAMIC 1 


ttransition 


D 




See Figure 3 


0.3 















/iS 


topen 


D 




See Figure 4 


0.2 










' 


■ 


ton(EN) 


D , 




See Figure 5 


0.6 




1.5 










toff(EN) 


D 




0.4 




1 










ton-toff Break- 
Before-Make 
Delay Settling 
Time 


D 


8 


Ven = -»-5V, Ao, Ai, A2 Strobed 
V|N = ±10V, Figure 6 


10 














ns 


"OFF" 
Isolation 


D 




Ven = 0, Rl = 2OOR Cl = 3pF, Vs = 3VRMS, 
f = 500l(Hz 


60 














dB 


Cs(off) 


S 




Vs = 


Ven = ov. 

f=140kHz 
to 1 MHz 


5 














PF 


CD(pff) 


D 




Vd = 


25 














Coscoff) 


D to S 




Vs = 0, Vd = 


1 














SUPPLY 1 


Supply 
Current 


+ 


1 + 


1 


All Va, Ven = 5V 


0.5 


0.7 


0.6 


0.5 




1.0 




mA 


- 


r 


1 


All VadC 


= 0V/5V 


0.02 


0.7 


0.6 


0.5 




1.0 



Note 1. Readings taken 400ms after the overvoltage occurs. 
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IH520a 

SWITCHING INFORMATION 



X 
gi 

§ 



*® i 



C 



? fPT " 



EN 
QNO 



Sit - 

Sa.. 

S3.' 
S4«. 

Sib— o*iov 

Sab 

Sab 



1 



PROBE 
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4r O «^'**' ••T**^'* PROBE IMPEDANCE 
- ^»< : ! Ra>.iMo 




l.-^.-j 
..'.. 



Rp^iMn 

Cp<30pF 



Figure 3: ttrans Switching Test 




Va -^ O-gvy ^soT 

SWITCH OUTPUT 

VOUT 
0.9VO 

vo 
vsJ- 



•'N c50% 






Figure 4: topen (Breal(-Before-l\/lake) Switching Test 



J 



+15V 



■fi 



-0-5V 



■ _ — J 9 OVouT 

15V * * 



trANDtfs 100ns -t-O-Sy, 



SWITCH OUTPUT 
VouT 



»EN(oW) 



IT 



3SpF 




Figure 5: ton and toff Switching Test 
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I SWITCHING INFORMATION (CONT.) 




ton and toN OF LOGIC 
INPUTS 10m 



J^— ^— 4. 



Ao.Ai 
SEQUENCED 



BREAK-BEFORE 
MAKE DELAY - 



VouT 



BREAK-BEFORE 
M AKE DELAY 






iNpyT 
— t-iov 



INPUT 
10V 



Figure 6: Break-Before-Make Delay Test 



DETAILED DESCRIPTION 

; The IH5208, like all Intersil's multiplexers, contains a set 
of CMOS switches that form the channels, and driver and 
decoder circuitry to control which channel turns ON, if any. 
In addition, the IH5208 contains an internal regulator which 
provides a fully TTL compatible ENable input that is 
identical in operation to the Address Inputs. This does away 
with the special conditions that many multiplexer enable 
inputs require for proper logic swings. The identical circuit 
conditions of the ENable and Address lines also helps 
ensure the extension of break-before-mal^e switching to 
wider multiplexer systems (see applications section). 

Another, and more important difference lies in the 
switching channel. Previous devices have used parallel n- 
and p-channel MOSFET switches. While this scheme yields 
reasonably good ON resistance characteristics and allows 
the switching of rail4o-rail input signals, it also has a number 
of drawbacks. The spurces and drains of the switch 
transistors will conduct to the substrate if the input goes 
outside the supply rails, and ev^n careful use of diodes 
cannot avoid channel-tb-output arid channel-to-channel 
coupling in cases pf Input overrange. The IH5208 uses a 
novel series arrangement of the p- and n-channel switches 
(Figure 7) combined with the dielectrlcally isolatied process 
to eliminate these problems. 



-15V +15V -15V 



SIGNAL 
INPUT 



o-uLr 




O 6 

-15V FROM -t- 15V FROM 
DRIVER DRIVER 



Figure 7: Series Connection of Channel 
Switches 



Within the normal analog signal range, the inherent 
variation of switch ON resistance will balance out almost as 
well as the customary parallel configuration, but as the 
analog signal approaches either supply rail, even for an ON 
channel, either the p- or the n-channel will become a source 
follower, disconnecting the channel (Figure 8). Thus protec- 
tion is provided for any input or output channel against 
overvoltage, even in the absence of multiplexer supply 
voltages. This applies Up to the breakdown voltage of the 
respective switches. Figure 9 shpws a more detailed 
schematic of the channel switches, including the back-gate 
driver devices which ensure optimum channel ON resis- 
tances and breakdown voltage under the various condi- 
tions. 



N-CHANNEL MOSFET 

IS TURNED ON 

BECAUSE Vbs> -*-2SV 




^2SV FORCED 
ON COMMON 

Q3 ^ OUTPUT 

LINE BY 

EXTERNAL 
CIRCUITRY 



(a) OVERVOLTAGE WITH MUX POWER OFF 

-15V -flSV -15V 

\ \ I 

:0^~LiX — I4f— lir-^ 



N-CHANNEL MOSFET 

iS TURNED ON 

BECAUSE Vqs- -t-lOV 



^M^l 



•>-2SV FORCED 

ON COMMON 

OUTPUT 

LINE BY 

EXTERNAL 

CIRCUITRY 



TT N-CHANNEL 
^ MOSFET IS OFF 



(b) OVERVOLTAGE WITH MUX POWER ON 

Figure 8: Overvoltage Protection 
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IH5208 

DETAILED DESCRIPTION (CONT.) 

Under some circumstances, if the logic inputs are present 
but the multiplexer supplies are not, the circuit will use the 
logic inputs as a sort of phantom supply; this could result in 
an output up to that logic level. To prevent this from 
occurring, simply ensure that the ENable pin is LOW any 
time the multiplexer supply voltages are missing (Figure 10). 



-m 



Lr .4>J 



JTTJTL 






fe 



FROM 
DECODER 



Figure 9: Detailed Channel Switch Schematic 
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10 

s 



MAXIMUM SIGNAL HANDLING 
CAPABILITY 

The IH5208 is designed to handle signals in the ±10V 
range, with a typical rDS(on) oi 600i7; it can successfully 
handle signals up to ±13V, however, rDS(on) will increase to 
about 1 .8kjr2. Beyond ± 1 3V the device approaches an open 
circuit, and thus ± 1 2V Is about the practical limit, see Figure 
11. 

Figure 12 shows the input/output characteristics of an 
ON channel, illustrating the inherent limiting action of the 
series switch connection (see Detailed Description), while 
Figure 13 gives the ON resistance variation with tempera- 
ture. 



"OFF" BEYOND 
THIS VOLTAGE 





"OFF" BEYOND ( 
THIS VOLTAGE 



-VSOURCE ^~ 



-14V -12V -lOV -8V -6V -4V -2V OV 2V 4V 6V 8V 10V 12V 14V 

Figure 11: rDS(on) vs Signal Input Voltage @ Ta= +25°C 
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VOUT- 




Mill »^V.N 



10 12 14 16 18 20 22 24 



Figure 12: MUX Output Voltage vs Input Voltage Channel 1 Shown; All Channels Similar 




Figure 13: Typical rDS(on) Variation vs Temperature 
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IH5208 

USING THE IH5208 WITH SUPPLIES 
OTHER THAN ±15V 

The IH6208 wil! operate successfully with supply voltages 
from +5V to ±15V, however rDS(on) increases as supply 
voltage decreases, as shown in Figure 14. Leakage cur- 
rents, on the other hand, decrease with a lowering of supply 
voltage, and therefore the error term product of rDS(on) and 
leakage current remains reasonably constant. rDS{on) a'so 
decreases as signal levels decrease. For high system 
accuracy [acceptable levels of rDS(on)] the maximum input 
signal should be 3V less than the supply voltages. The logic 
thresholds remain TTL compatible. 

APPLICATION NOTES 

Further information may be found in: 

A003 "Understanding and Applying the Analog Switch," 

by Dave Fullagar 
A006 "A New CMOS Analog Gate Technology," by Dave 

Fullagar 
A020 "A Cookbook Approach to High Speed Data 

Acquisition and Microprocessor Interfacing," by Ed 

Sfieger 

IH5208 APPLICATIONS INFORMATION 
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Figure 14: ro§(on) vs Supply Voltages 
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Figure 15: 2 of 16 Channel Multiplexer Using Two IH5208S. Overvoltage Protection and Break^- 
Before-Make Switching Are Extended to All Channels. 
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IH5208 



X IH5208 APPLICATIONS INFORMATION (CONT.) 
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Figure 16: Submultiplexed 2 of 32 System. The Two IH5043s Are Overvoltage Protected By The 
IH5208S. Submultiplexing Reduces Output Capacitance and Lealcage Currents. 
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IH5216 

8-Channel Differential 
Fault Protected 
CMOS Analog Multi 



'"^4i. 










GENERAL DESCRIPTION 

The IH5216 is a dielectrically isolated CMOS monolithic 
analog multiplexer, designed as a plug-in replacement for 
the HI507A and similar devices, but adding fault protection 
to the standard performance. A unique serial MOSFET 
switch ensures that an OFF channel will remain OFF when 
the input exceeds the supply rails by up to ±25V, even with 
the supply voltage at zero. Further, an ON channel will be 
limited to a throughput of about 1 .5V less than the supply 
rails, thus affording protection to any following circuitry such 
as op amps, D/A converters, etc. Cross talk onto "good" 
channels is also prevented. 

A binary 2-blt address code together with the ENable 
input allows selection of any channel pair or none at all. 
These 3 inputs are all TTL compatible for easy logic 
interface. The ENable input also facilitates MUX expansion 
and cascading. 

ORDERING INFORMATION 



PART 
NUMBER 


TEMPERATURE 
RANGE 


PACKAGE 


IH5216MJI 


-SS^'C to +125''C 


28 pin CERDIP 


IH5216CJI 


OX to +70X 


28 pin CERDIP 


IH5216CPI 


OX to +70X 


28 pin Plastic 
DIP 



Ceramic package available as special order only 
(IH5216MDI/CDI) 



FEATURES 

• All Channels OFF When Power OFF, for Analog 
Signals Up to ±25V 

• Power Supply Quiescent Current Less Than 1mA 

• ±13V Analog Signal Range 

• No SCR Latchup 

• Brealc-Before-Malce Switching 

• TTL and CMOS Compatible Strobe Control 

• Pin Compatible With HI507A 

• Any Channel Turns OFF if Input Exceeds Supply 
Rails By Up to ±25V 

• TTL and CMOS Compatible Binary Address and 
ENable Inputs 



DECODE TRUTH TABLE 



A2 


Al 


Ao 


EN 


ON SWITCH 
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Figure 1: Pin Configuration 


(Outline dwgs JE, PE) 
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I IH5216 

10 
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Figure 2: Functional Diagram 
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Figure 3: topen (Breal(-Before-Make) Switching Test 
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IH5216 



S 

10 



ABSOLUTE MAXIMUM RATINGS 

I 

V|N (A, EN) to Ground -15V to +15V 

Vs or Vd to V+ +25V to -40V 

Vs or Vd to V- -25V to +40V 

V"^ to Ground 16V 

V" to Ground..... -16V 



Current (Any Terminal) 20mA 

Operating Temperature -55 to +125°C 

Storage Temperature -65 to +150°C 

Lead Temperature (Soldering, lOseo) 300°C 

Power Dissipation* 1200mW 

*A1I leads soldered or welded to PC board. Derate 10mW/°C above 70*C. 



Stresses above those listed under Absolute Ma)^imum Ratings may cause permanent damage to the device. These are stress ratings only, and functional 
operation of the device at these pr any other conditions aboye those indicated in the operational sections of the specifications is not implied. Exposure to 
absolute maximum rating conditions for extended period? may affect device reliability. 

ELECTRICAL CHARACTERISTICS (V+ -15V, V = -15V, Ven = 2.4V, unless othenvlse specified.) 







MEASURED 
TERMINAL 


NO 
TESTS 

PER 
TEMP 






TYP 
25X 


MAX LIMITS 


UNIT 


CHARACTERISTIC 


TEST CONDITIONS 


M SUFFIX 


C SUFFIX 


*55°f 1 25°C 1 125*0 


O^C 1 25X 1 70X 


SWITCH 1 


RDS(on) 


S to P 


16 


Vd = 10V, 
Is = -1.0mA 


Sequence each 
switch on 


700 


1000 


1000 


1500 


1200 


1200 


1800 


a 


16 


Vd=-10V 
ls= -1.0mA 


Val = 0.8V. 
Vah = 2.4V 


500 


1000 


1000 


1500 


1200 


1200 


1800 


ARDS(on) 






RDS(on)max-RDS(on)min 
ARDS{on) _ 

RDS(on)avg. 

Vs = ±10V . 


5 














% • 


IS(off) 


S 


16 


Vs = 10V, 
Vd=-10V 


Ven -0.8V 


0.02 




±0.5 


50 




±1.0 


50 


nA 


16 


Vs=-10V, 
Vd^IOV 


0.02 




+ 0.5 


50 




±1.0 


50 


iD(off) 


D 


1 


Vp'lOV, 
Vs^-lOV 


0.05 




±1.0 


100 




±2.0 


100 


1 


Vd=-10V,Vs*10V 


0.05 




±1.0 


100 




±2.0 


100 


iD(on) 


D 


16 


Vs(AII)-Vd=10V 


Sequence each 
switch on 

Val = 0.8V, 
Vah»2.4V 


0.1 




±2.0 


100 




±4.0 


100 


16 


Vs(AII)'Vd,--10¥ 


0.1 




±2.0 


100 




±4.0 


100 


FAULt 1 


Is with 
Power OFF 


S 


16 


VsuPP = OV. V|N = ±25V, 
Ven = Vq '^ OV, Ao, Ai. Aa = OV or 5V 


1.0 




2.0 






5.0 




HA 


'8±ot^ 


S 


16 


V|N = ±25V, Vo'ilOV 


1.0 




2.0 






5.0 




INPUT 1 


lEN(on) lA(on) 
or 

lEN(off} lA|pff| 


Ao, Ai, A2 
or 
EN 


4 


Va = 2.4V or OV 


0.01 




-10 


-30 




-10 


-30 


txA 


4 


Va=^15V 


0.01 




10 


30 




10 


30 


DYNAMIC . , 1 
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D 






0.3 




1 










US 


topen 


D 






0.2 














ton(EN) 


D 






0.6 




1.5 










toff(EN) 


D 




0.4 




1 










V,n-toff ^reak- 
Before-Make 
Delay Settling 
Time 


D 


16 


Ven* +5V, Ao. Ai, A2 Strobed 
V|N = ±10V. 


25 














ns 


■•OFF" 
Isolation 


D 




VeN = 0. RL = 200a Cl-3pF. 
Vs = 3VRMS, f = 500kHz 


"^60, 














dB 


C§(0ff) 


S 




Vs-O 


Ven = OV, 
f= 140kHz 
to 1 MHz 


5 














PF 


CD(off) 


D 




Vd = 


25 














99§m 


D to S 




Vs = 0, Vd = 


1 














SUPPLY 1 


Supply 
Current 


+ 


1-^ 


1 


All Va * 0V/5V 
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r 


1 
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= 5V 
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i IH5341 

Dual SPST CMOS 
RF/Video Switch 




GENERAL DESCRIPTION 

The IH6341 is a dual SPST, CMOS mQnollthic switch 
which uses a "Series/Shunt" ("T" switch) configuration to 
obtain, high "OFF" isolation while maintaining good fre- 
quency response in the "ON" condition. 

Construction of remote and portable video equipment 
with extended battery life is facilitated by the extremely low 
current requirements. Switching speeds are typically 
ton* 150ns and toff «= 80ns, and "Break-Bef ore-Make" 
switching is guaranteed. 

Switch "ON" reslstar/ce Is typically 40^50^ with ±15V 
power supplies, increasing to typically 175^ for ±5V 
supplies. The devices are available in TO-100 and 14-pin 
epoxy DIP packages. .> 

ORDERING INFORMATION 



FEATURES 

RDS(on) < 75^ 

Switch Attenuation Varies Less Than 3dB From 

DC to 100MHz 

"OFF" Isolation > 60dB @ 10MHz 

Cross Coupling Isolation > 60dB @ 10MHz 

Compatible With TTL, CMOS Logic 

Wide Operating Power Sup|i)iy Range 

Power Supply Current < 1/uA 

" Break-Bef ore-Malce" Switching 

Fast Switching (80ns/ 150ns Typ) 



PART NUMBER 


TEMPERATURE 
RANGE 


PACKAGE 


IH5341CPD 


to +70X ^ 


14-pin 
PLASTIC DIP 


IH5341ITW 


-20**C to +85^0 


10-pin TO-100 


IH5341MTW 


-SS^'C to +125*^0 


10-pin TO-100 



Si o- 



$2 O- 




I o- 



IN20 — ^^ 



-O Di 



-O D2 



Figure 1: Functional Diagram 
(Switches are open for a logical "0" control 
Input, and closed for a logical "1" control 
input.) 




Outline dwg: PD Outline dwg: TW 

Figure 2: Pin Configurations 
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305528-002 



IH5341 

ABSOLUTE MAXIMUM RATINGS 

V"^ to Ground.-.. + 17V 

V" to Ground.. -17V 

Vl to Ground V"^ to V" 

Logic Control Voltage V"^ to V"* 

Analog Input Voltage V*" to V" 

Current (any Termtnal) 50mA 






Operating Temperature: 

(M Version) -$5°C to H-iaS'^C 

(I Version) -26'*C to +85'C 

(C Version) OX to +70*'C 

Storage Temperature -65°C to +150*C 

Lead Temperature (Soldering, 10sec) 300°C 

Power Dissipation ..i 250mW 

Derate above 25''C @ 7.5mW/X 



stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functidmal 
operation of the device at these or any other conditions above those indicated in the operational sections df the specifications is not implied. €xposur# to 
absolute maximum rating conditions for extended periods may affect device reliability. 
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Figure 3: Equivalent Schematic Diagram IH5341ITW (1/2 of actual circuit on chip shown) 
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I 1115341 



S DC ELECTRICAL CHARACTERISTICS 

V"^ = +15V, Vl= +5V, V- = -15V, Ta = 25''C unless otherwise specified. 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


TYP 


M GRADE DEVICE 


l/C GRADE DEVtCE 


UNIT 


-SS'C 


+ 25'*C 


+ 125°C 


-25/ 

o»c 


+ 25'*C 


+ 85/ 
+ 70X 


V + 
Vl 

V- 


Supply Voltage 
Ranges 

Positive Supply 

Logic Supply 

Negative Supply . 


(Note 3) 


4.5 > 16 
4.5 >V + 
-4>-16 












( 


V 


i=JDS(0f1). 


Switch "ON" 

Resistance 
(Note 4) 


Vd = ±5V 

ls?-1QmA, V)N>2.4V 
Vd = ±10V 




75 


75 


100 


75 


75 


100 


n 


1^5, 


125 


175 


160 


150 


175 


RDS(on) 


Switch "ON" 
Resistance 


V+ -Vl= +5V, 
V|N = 3V 

V~ = -5V, Vd = ±3V 
Is = 10mA 




250 


250 


350 


300 


300 


350 


ARDS(on) 


On Resistance 
Match Between 
Channels 


Is « 10mA, Vd»±5V 


5 














V|H 
V|L 


Logical "1" Input 

Voltage 

Logical "0" Input 

voltage 




>2.4 
<0.8 














V 


lD{off) 
or 

'S(off) 


Switch "OFF" 
Leakage 
(Notes 2 and 4) 


Vs/D-±5V 
V|N < 0.8V 
Vs/D = i14V 






±0.5 
±0.5 . 


50 
50 




±1.0 
±1.0 


100 
100 


nA 


iD(on) 
+ 

IS(on) 


Switch "ON" 
Leakage 


Vs/D-±5V 
V|N > 2.4V 
Vs/D = ±14V 






±1 
±1 


50 
100 




±'2' ' 
±2 


100 
100 


l|N 


Input Logic 
Current 


V|N ^ 2.4V or < OV 


0.1 


' ±1 


±1 


10 


±1 


±1 


10 


M 


1 + 


Positive Supply 
Quiescent Current 


V|N = OV or + 5V 


0.1 


1 


1 


10 


. 1 


1 


10 


r 


Negative Supply 
Quiescent Current 


V|N = OV or + 5V 


0.1 


1 


1 


10 


1 


1 


10 


IL 


Logic Supply 
Quiescent Current 


V|N = OV or + 5V 


0.1 


1 


1 


10 


1 


1 


10 



NOTES: 1 . Typical values are not tested in production. They are given as a design aid only. 

2. Positive and negative voltages applied to opposite sides of switch, in both directions successively. 

3. These are the operating voltages at which the other parameters are tested, and are not directly tested. 

4. The logic inputs are eitheir greater than or equal to 2.4V or less than or equal to 0.8V, as required, for this test. 

AC ELECTRICAL CHARACTERISTICS 

V+ = +15V, Vl= +5V, V- =0V, Ta = 25°C unless othenwise specified (Note 5). 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


ton 


Switch "ON" Time 


See Figure 4 




150 


300 


ns 


toff 


Switch "OFF" Time 


S6e Figure 4 




80 


150 


OIRR 


"OFF" Isolation Rejection Ratio 


See Figure 5 (Note 6) 




60 




dB 


CCRR 


Cross Coupling Rejection Rdtio 


See Figure 6 (Note 6) 




60 




f3dB 


Switch Attenuation 3dB Frequency 


See Figure 7 (Note 6) 




100 







NOTES: 



5. All AC parameters are sample tested only. 

6. Test circuit should be built on copper clad ground plane board, with correctly terminated coax leads, etc. 
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IH5341 

TEST CIRCUITS 
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VOUT 
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Note: Only one channel shown. Other acts identically 

Figure 4: Switching Time Test Circuit and Waveforms 
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V|N = ±5V (10Vp.p) @ f = 10MHz 
V|N 



OIRR = 20log 



VoUT 



Note: Only one channel shown. Other acts identically. 

Figure 5: OFF Isolation Test Circuit 




V|N = 225mVrms @ f = 10MHz 
V|N 
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VoUT 



Figure 6: Cross-Coupling Rejection Test 
Circuit 
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Nominally, at DC, this ratio is equal to -4dB. When the attenuation 
reaches -1dB, the frequency at which this occurs is fade- 



±«G-59 



Note: Only one channel shown. Other acts identically. 

Figure 7: Switch Attenuation Versus Frequency, Test Circuit 
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TYPICAL PERFORMANCES CHARACTERISTICS 



SDMi^DfL 



RDS(on) Versus Analog Input 
Voltage with ±15V Power Supplies 
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RDS(on) Versus Analog Input Level 
with ±5V Power Supplies 
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OIRR (OFF Isolation Rejection) Versus 
Frequency (See Figure 5) 
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CCRR (Cross Coupling Rejection) Versus 
Frequency (See Figure 6) 
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Figure 8: Internal Switch Configuration 



DETAILED DESCRIPTION 

As can be seen in Figure 8, tlie switch circuitry is of the 
so-called "T" configuration, where a shunt switch is closed 
when the switch is open. This provides much better 
isolation between the input and the output than single 
series switch does, especially at high frequencies. The 
result is excellent performance in the Video and RF region 
compared to conventional Analog Switches. 

The input level shifting circuit is similar to that of the 
IH5140 Series of Analog Switches, giving very high speed 
and guaranteed "Sreak-bef ore-Make" action, with negligi- 
ble static power consumption and TTL compatibility. 



Typical Switch Attenuation Versus Frequency 
(Rl = 75^2, See Figure 7) 
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Figure 9: Charge Injection Compensation 
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IH5341 

DETAILED DESCRIPTION (CONT.) 



01 
CO 



DC BIAS 750 

VOLTAQE O ^A- 

--5V 
ANALOG \_ 
INPUT /^ 



-w- 



f15V 

Jl_ 



fSV 

ho 



\^' 







-15V 



GNP 



1 



14l— +5V 

H 

Hi 
11] 

3 



Figure 10: Alternative Compensation Circuit 



APPLICATIONS 

Charge Compensation Techniques 

Charge injection results from the signals out of the level 
translation circuit being coupled through the gate-channel 
and gate-source/drain capacitances to the switch inputs 
and outputs. This feedthrough is particularly troublesome in 
Sample-and-Hold or Track-and-Hold applications, as it 
causes a Sample (Track) to Hold offset. The IH5341 
devices have a typical injected charge of 30pC-50pC 
(corresponding to 30mV-50mV In a lOOOpF capacitor), at 
Vs/D of about OV. 

This Sample (Track) to Hold offset can be compensated 
by bringing in a signal equal in magnitude but of the 
opposite polarity. The circuit of Figure 9 accomplishes this 
charge injection compensation by using one side of the 
device as a S & H (T & H) switch, and the other side as a 
generator of a compensating signal. The 1 kO. potentiome- 
ter allows the user to adjust the net injected charge to 
exactly zero for any analog voltage in the -5V to +5V 
range. 

Since individual parts are very consistent in their charge 
injection, It is possible to replace the potentiometer with a 
pair of fixed resistors, and achieve less than 5mV error for 
all devices without adjustment. 

An alternative arrangement, using a standard TTL invert- 
er to generate the required inversion, is shown in Figure 10. 
The capacitor needs to be increased, and becomes the only 
method of adjustment. A fixed value of 22pF is good for 
analog values referred to ground, while 35pF is pptimum for 
AC coupled signals referred to -5V as shown in the figure. 
The choice of -5V is based on the virtual disappearance at 
this analog level of the transient component of switching 
charge injection. This combination will lead to a virtually 
"glitch-free" switch. 
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Figure 11: Overvoltage Protection Circuit 




Overvoltage Spike Protection 

if sustained operation with no supplies but with analog 
signals applied is possible, it is recommended that diodes 
(such as 1N914) be inserted in series with the supply lines 
to the IH5341, Such conditions can occur if these signals 
come from a separate power supply or another location, for 
example. The diodes will be reverse biased under this type 
of operation, preventing heavy currents from flowing from 
the analog source through the IH5341. 

The same method of protection will provide over ±25V 
overvoltage protection on the analog inputs when the 
supplies are present. The schematic for this connection is 
shown In Figure 11. 
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g IH5352 

I QUAD SPST CMOS 
- RF/Video Switch 



^i;r% 



.^'^: 




, Vi '-^^f'^^ 



GENERAL DESCRIPTION 



\ 



f.' 



The IH5352 is a QUAD SPST, ClVfOS monolithic video 
switch which uses a "Series/Shunt" ("T" switch) configu- 
ration to obtain high "OFF" isolation while maintaining 
good frequency response in the "ON" condition. 

Construction of remote and portable video equipment 
with extended battery life is facilitated by the extremely low 
current requirements. Switching speeds are typically 
ton''' 150ns and toff = 80ns, and "Break-Bef ore-Make" 
switching is guaranteed. 

Switch "ON" resistance is typically 40^-50^ with ±16V 
power supplies, increasing to typically 175^2 for ±5V 
syppiies. 

ORDERING INFORMATION 



PART 
NUMBER 


TEMPERATURE 
RANOE 


PACKAGE 


IH6352CPE 


OX to +70X 


16-PIN PLASTIC DIP 


IH5362UE 


-25X to +85''C 


16-PIN CERDIP 


IH5352MJE 


-55X to +125X 


16-PIN CERDIP 



FEATURES 

• BDS(or?) <7612 

« Switch Attenuation Varies Less Than 3clB From 

DC to lOOiyiHz 

« "OFF" isolation > 60dB @ lOR/IHx 

• Cross Coupling isolation > 60dB @ tOMHz 
® Directly Compatible with TTL, CMOS Logic 

• Wide Operating Power Supply Range 

• Power Supply Current < l/uA 

• " Break-Bef ore-^ake" Switching 

• Fast Switching (80ns/ 150ns Typ) 

APPLICATIONS 

• Video Switch 

« Communications Equipment 

• Disk Drives 

• Instrumentation 

• CATV 
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Figure 1: Functional Diagram 
(Switches are open for a logic 
"0" control input, and closed 
for a logic "1" control Input) 
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Figure 2: Pin Configurations 

Package Outline Drawing: 

PE, JE 
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305529^003 



IH5352 



ABSOLUTE MAXIMUM RATINGS (Ta = 25X Unless otherwise Noted) 



6) 

cn 



Storage Temperature -65X to +160°C 

Lead Temperature 

(Soldering, 10sec) ..300°C 

Power Dissipation: 

CERDIP 450mW 

derate 4mW/°C above 25''C 

Plastic 350mW 

derate 3mW/X above 25'*C 



V"^ to Ground : + 17V 

V" to Ground -17V 

Vl to Ground V"^ to V" 

Logic Control Voltage V"*" to V" 

Analog Input Voltage V"*" to V~ 

Current (any terminal) < 50mA 

Operating Temperature: 

(M Version) -55X to +125X 

(I Version) -20°C to +85°C 

(C Version) O^C to +70^ 

stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions at)ove those indicated in the operational sections of the specifications Is not Implied. Exposure to 
absolute maximum rating conditipns for extended periods may affect device reliability. 

DC ELECTRICAL CHARACTERISTICS 

V+ = + 15V, V" = -15V, Vl = +5V, Ta = 25°C unless otherwise noted. 



SYMBOL 


PARAMETER 






TYP 

@25X 


MAXIMUM RATINGiS 


UNIT 


TEST CONDITIONS 


M GRADE DEVICE 


l/C GDADE DEVICE 


-55X 


+ 25°C 


+ 125X 


-25/0*^0 


'l'2§«C 


+ 85/ 
+ 70X 


V + 

Vl 
V- 


Supply Voltage 
Ranges: 
Positive Supply 

Logic Supply 
Negative Supply 


(Note .3) 


5 to 15 














V 


5 to 15 














-5 to 
-15 














RDS(on) 


Switch "ON" 
Resistance 
(Note 4) 


Is = 10mA 
V|N ^ 2.4V 


Vd=±5V 


50 


75 


75 


100 


75 


75 


100 


a 


Vd = ±10V 


100 


125 


125 


175 


150 


t50 


175 


RDS(on) 


Switch "ON" 
Resistance 


ls= 10mA, V+ = Vl = 
+ 5V V- = -5V, 
Vd = ±3V, V|n= 3V 


175 


250 


250 


350 


300 


300 


350 


ARDS(on) 


On Resistance 
Match Between 
Channels 


Is = 10mA, Vd = ±5V 


5 














V|H 


Logical "1" 
Input Voltage 




>2.4 














V 


ViL 


Logical "0" 
Input Voltage 




<0.8 














'D(off) 
or 

IS(off) 


Switch -OFF' 
Leakage 
(Note 2 and 4) 


Vs/D = ±5V 
Vs/D = ±14V 
V|N < 0.8V 






±1.0 
±1.0 


50 
50 




±2.0 
±2.0 


100 
100 


nA 


iD(on) 

+ 

!S(on) 


Switch -ON' 
Leakage 


Vs/D = ±5V 
Vs/D = ±14V 
V|N > 2.4V 






±1.0 
±1.0 


100 
100 




±2.0 
±2.0 


100 
100 


l|N 


Logic Control 
Input Current 


V|N > 2.4V or < OV 


0.1 


±1 


±1 


10 


±1 


±1 


10 


f^ 


1^ 


Positive Supply 
Quiescent Current 


V|N = OV or + 5V 


0.1 


1 


1 


10 


1 


1 


10 


r 


Negative Supply 
Quiescent Current 


V|N = OV or + 5V 


0.1 


1 


1 


10 


1 


1 


10 


IL 


Logic Supply 
Quiescent Current 


V|N = OV or + 5V 


0.1 


1 


1 


10 


1 


1 


10 
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ID 
10 



iHsasi 



AC ELECTRICAL CHARACTERISTICS 

V+ = +15V, Vl= +15V. V" - -15V, Ta=25X unless otherwise specified (Note 5). 



SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


UNIT 


ton 


Switch "ON" Time 




150 


300 


ns 


toff 


Switch "OFF" Time 




80 


150 


OIRR 


"OFF" Isolation Rejection Ratio 




60 




dB 


CCRR 


Cross Coupling Rejection Ratio 




60 




fSdB 


Switch Attenuation 3dB Frequency 




100 




MHz 



1. Typical values are not tested in production. They are given as a design aid only. 

2. Positive and negative voltages applied to opposite sides of switch, in both directions successively. 

3. These are the operating voltages at which the other parameters are tested, and are not directly tested. 

4. The logic inputs are either greater than or equal to 2.4V or less than or equal to 0.8V, as required, for this test. 

5. All AC parameters are sample tested only. 



SWITCH 

SOURCE O 

(VIDEO INPUT) 



CIRCUIT OF SWITCH CHANNEL 

^ ^ SWITCH 

<r o • or I O O DRAIN 

> I (VIDEO OUTPUT) 



I 



LOGIC 

CONTROL 

INPUT 



cv— Q-^^->o-J 



DRIVER 
TRANSLATOR 



NOTE: 1 CHANNEL OF 4 SHOWN 

Figure 3: Internal Switch Configuration 



DETAILED DESCRIPTION 

Figure 3 shows the internal circuit of one channel of the 
IH5352. This is identical to the IH5341 "T-Switch" configu- 
ration. Here, a shunt switch is closed, and the two series 
switches are open when the video switch channel is open or 
off. This provides much better isolation between the input 
and output terminals than a simple series switch does, 
especially at high frequencies. The result is excellent off- 
isolation in the Video and RF frequency ranges when 
compared to conventional analog switches. 

The control input level shifting circuitry is very similar to 
that of the IH5140 series of Analog Switches, and gives 
very high speed, guaranteed "Break-Bef ore-Make" action, 
low static power consumption and TTL compatibility. 
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♦ toN*- toFF- 
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LOGIC CONTROL SIGNAL 



Figure 4: Switchiing Time Test Circuit and Waveforms 
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IHS352 



I 



750 



I f /SA/* 



RQ-59 COAX 



)V,N 



->- 



-<X. O ' 

oJ O 1 



■<^o 



>-^, 



Ov^O 1 



16 



-g: 



RG-59 COAX 



) t OVouT 



11 , 



-~15V 



10 



+5V J« 



►75a 



TC03741I 

V|N 

OIRR = 20 LOG 

VOUT 

V|N = 5V pn SINEWAVE @ 10MHz 



Figure 5: Off Isolation Test Circuit 
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V|N = 225mV RMS SINEWAVE @ 10MHz 

Figure 6: Cross-Coupling Rejection Test Circuit 
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Figure 7: Switch Attenuation -3dB Frequency Test Circuit 
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IH6108 

8-Channel CMOS 
Analog Multiplexer 




o 

€0 



GENERAL DESCRIPTION 

The IH6i08 is a CMOS monolithic, one of 8 multiplexer. 
The part is a plug-In replacement for the DG508. Three line 
decoding is used so that the 8 channels can be controlled 
by 3 Address inputs; additionally a fourth input is provided 
for use as a system enable. When the ENable Input Is high 
(5V), a channel is selected by the three Address inputs, and 
when low (OV) all channels are off. The 3 Address inputs 
are TTL and CMOS logic compatible, with a "1" corre- 
sponding to any voltage greater than 2.4V. 



ORDERING INFORMATION 



FEATURES 

• Ultra Low Leakage — iD(off) - 100pA 

• rDS(on) < 400 Ohms Over Full Signal and 
Temperature Range 

• Power Supply Quiescent Current Less Than 
lOOjuA 

• ±14V Analog Signal Range 

• No SCR Latchup 

• Break-Before-Make Switching 

• Binary Address Control (3 Address Inputs 
Control 8 Channels) 

• TTL and CMOS Compatible Strobe Control 

• Pin Compatible With DG508, HI-508 & AD7508 



PART NUMBER 


TEMPERATURE RANGE 


PACKAGE 


IH6108MJE 


-55°C to +125°C 


16 pin CERDIP 


IH6108CJE 


o°c to ycc 


16 pin CERDIP 


IH6108CPE 


0*^0 to 70"C 


16 pin plastic DIP 



Ceramic package available as special order only (IH6108MDE/CDE) 



DECODE TRUTH TABLE 



s,o~ 



S«o-' 



SjO- 



S40- 



S»0- 



S.0 — — O— -#0- 



Sio- 



EN 
SWITCH 



VOUT 
-OD 



A2 


Ai 


Ao 


EN 


ON SWITCH 


X 


X 


X 





NONE 













1 








1 




2 





1 







3 





1 


1 




4 


1 










5 


1 





1 




6 


1 


1 


. 




7 


1 


1 


1 




8 



Ao, Ai, A2 

Logic "1" = Vah ^ 2.4V Venh ^ 4.5V 

Logic "0" = Val^0.8V 



ADDRESS DECODE 



TTTP 



AoC • 
ENd 
V- [I 

s,CI 

Sad 

S4CI 
dE 



Ao At A2 EN (ENABLE INPUT) 

3 LINE BINARY ADDRESS INPUTS 

(1 1) AND EN <^ SV 

ABOVE EXAMPLE SHOWS CHANNEL 6 TURNED ON 



Figure 1: Fyoctional Diagram 



® A, 
1IA2 
HGND 
V+ 

llSs 

IDS. 

SlSr 

Us. 



Figure 2: Pin Configuration 
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305530-002 



I IH6108 

- ABSOLUTE MAXIMUM RATINGS 

V|N (A, EN) to Ground -15V to 15V 

Vs or Vd to V+ 0. -32V 

Vs or Vd to V- 0, 32V 

V+ to Ground 16V 

V- to Ground -16V 

Current (Any Terminal) 30mA 



Current (Analog Source or Drain) 20mA 

Operating Temperature -55 to 125°C 

Storage Temperature -65 to i50*C 

Lead Temp (Soldering, 10sec) 300X 

Power Dissipation (Package)* 1 200mW 

*AII leads, soldered or welded to PC board. Derate 10mW/"C above 70**C. 



Stresses above those listed under Absolute Maximum Ratings may cause permanent damaige to the device. These are stress ratings only, and functional 
operation of th6 device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods mdy affect device reliability. 

ELECTRICAL CHARACTERISTICS 

V+ = 15V, V- = -15V, Ven = +5V (Note 1), 



Ground = OV, unless otherwise specified. 







MEASURED 
TERMINAL 


NO 
TESTS 

PER 
TEMP 


TYP 
25°C 






MAX LIMITS 


UNIT 


CHARACTERISTIC 


TEST CONDITIONS 


M SUFFIX 


C SUFFIX 


-55''C|25*'C 


125»C 


0°C |25X|70X 


SWITCH 


1 


rpspN) 


S to D 


8 


180 


Vd=10V, Is= -1.0mA 


Sequence each switch on 
Val = 0.8V, Vah = 2.4V 


3^0 


300 


400 


350 


350 


450 


a 


8 


150 


Vd= -10V, Is = -1.0mA 


300 


300 


400 


350 


350 


450 


ArDS(ON) 






20 


^rDS(dn)= ^ ^ Vs-±10V 
fDS(on)avg. 














% 


IS(OFF) 


S 


8 


0.002 


Vs=10V, Vd=-10V 






±.5 


50 




±1 


50 


nA 


8 


0.002 


Vs= -10V, \/d=10V 


Ven = 0.8V 




±.5 


50 




±1 


50 


•D(OFF) 


D 


1 


0.03 


Vd==10V, Vs= -10V 




±2 


100 




±5 


100 


1 


0.03 


Vd=-10V, Vs = 10V 




±2 


100 




±5 


100 


«D(ON) 


D 


8 


0.1 


Vs(ALL) = Vd = 10V 


Sequence each switch on 
Val = 0.8V, Vah = 2.4V 




±2 


100 




±5 


100 


8 


0.1 


Vs(ALU-Vd=-10V 




±2 


100 




±5 


100 


INPUT 1 


Ian(ON) or lA(on) 
IaN<OFF) lA(off) 


Aq, Ai or A2 

Inputs 

Ao. Ai 

A2 


3 


0.01 


Va « 2.4V or OV 






-10 


-30 




-10 


-30 


mA 


3 


0.01 


Va=15V or OV 






10 


30 




10 


30 


Ia , 


3 




Ven = 5V 


All Va = (Address 
pins) 




-10 


-30 




-10 


-30 


EN 


1 




Ven = 






-10 


-30 




-10 


-30 


DYNAMIC 1 


ttransition 


D 




0.3 


See Fig. 1 




1 










jUS 


topen 


D 




0.2 


See Fig. 2 














ton(EN) 


D 




0.6 


See Fig. 3 




1.5 










toff(EN) 


D 




0.4 






1 










"OFF" Isolation 


D 




60 


Ven = 0, Rl = 200Q., Cl = 3pF, Vs = 3VRMS. 
f = 500kHz 














dB 


Cs(off) 


S 




' 5 


Vs = 


Ven = OV, f= 140kHz to 
1MHz 














PF 


Cd(off) 


D 




25 


Vd = 














CDS(off) 


D to S 




1 


Vs = 0, Vd - 














SUPPLY 


Supply 
Current 


+ 


v-^ 


1 


40 


Ven = 5V 


All Va = or 5V 




200 






1000 




ma 


- 


V" 


1 


2 




100 






1000 




Standby 
Current 


+ 


v-^ 


1 


1 


Ven-0 




100 






1000 




- 


V- 


1 


1 




100 






1000 





NOTE 1: See Enable Input Strobing Levels, in Application Section. 
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IH6108 

SWITCHING INFORMATION 



o 

CO 



\5 



R 



Va 

tr < 100ns 

tf < 100ns 0.8V- 



!i=-E3 



S2 

s; 

S4 



S7 
S8 



IH6108 

EN 

GND V~ 



% 



VOUT 

vsi = +10V 

Vs8 = -10V 



-ttrans(1-8) 

— -9V 




-*-S1 ON-»H h«-S8 ON-^ h«— SI ON- 

1+10V 



VouT. 



VoUT 

Vsi = -10V 
Vs8 = +10V 



h*— S8 ON- 



PROBE IMPEDANCE 
Rp > 1M^ 
Cp < 30pF 



Figure 3: ttransitlon Switching Test 





Ai 




[ao 


l?< 



IH6108 



iGND J, 



Va 

tr < lOOns 

tf < lOOns 



S8 



, 82 
ITHRU 
87 



Vsi = -2V 



y \ 



J 200(1 ^35pF 
15V J_ 



OVOUT 



\^ fc/~ 



topen 



Figure 4: topen (Break-Before-l\/lal(e) Switching Test 
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S IH6108 

(0 



£ SWITCHING INFORMATION (CONT.) 



VeN 

tr < lOOns 

tf < lOOns 



A2 



Ven@ 



IH6108 



XgND _i5v 



OOns J \ 
Oons -n t 500/, i ^ 

08V / \ 



VOUT 



-OVOUT 



► iKn ;f;35pF 



lEN(off) 



\10% —% 
90% / 



Figure 5: ton and toff Switching Test 



IH6108 APPLICATION INFORMATION 
ENable Input Strobing Levels 

The ENable input on the IH6108 requires a minimum of 
+ 4.5V to trigger to the "1 " state and a maximum of + 0.8V 
to trigger to the "0" state. If the ENable input is being driven 
from TTL logic, a pull-up resistor of 1 k to 3kS^ is required 
from the gate output to +5V supply. (See Figure 6) 



E 
[I 
[I 
E 

II 



r^ 



OM7404N 
TTL LOGIC 



iTI ovf 

ig— 

3 

I] 



-A«W- 



Ao(T 

-15V [T 

S.[4 
S2[? 

S4[7 



16|Ai 

!iA2 

?3|+15V 
1l)S6 

Use 



Figure 6: ENable Input Strobing from TTL Logic 



When the EN input is driven from CMOS logic, no pullup is necessary, see Fig. 7. 
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IH6108 

IH6108 APPLICATION INFORMATION (CONT.) 



0) 

■A 

s 



1 



E 



r^ 



CD4009 




Hi 

ii 
ill 

!3 
221- 



Ao(T 
JNfJ 



i] 



-15V [I 
Si[T 
S2[5 
S3[6 

S4|T 
o[? 



I^Ai 

li|A2 

I^GND 

13|+15V 

l|S5 

1l|S6 

Use 



Figure 7: ENable Input Driven from CMOS Logic 



The supply voltage of the CD4009 affects the switching 
speed of the IH6108; the same is true for TTL supply 
voltage levels. The following chart shows the effectj on 
ttrans for a supply varying from +4.5V to +5.5V. 



CMOS OR TTL 


TYPICAL ttrans 


SUPPLY VOLTAGE 


@ 25°C 


+ 4.5V 


400ns 


+ 4.75V 


300ns 


+ 5.00V 


250ns 


+ 5.25V 


200ns 


+ 5.50V 


175ns 



The throughput rate can therefore be maximized by using 
a +5V to +5.5V supply for the ENable Strobe Logic. 

The examples shown in Figures 6 and 7 deal with ENable 
strobing when expansion to more than eight channels Is 
required. In these cases the EN terminal acts as a fourth 
address input. If eight channels or less are being multi- 
plexed, the EN terminal can be directly connected to + 5V 
logic supply to enable the IH6108 at all times. 

Using the IH6108 with supplies other than 
±15V 

The IH6108 can be used with power supplies ranging 
from ±6V to ±16V. The switch rDS(on) will increase as the 



supply voltages decrease, however, the multiplexer error 
term (the product of leakage times rDS(on)) will remain 
approximately constant since leakage decreases as the 
supply voltages are reduced. 

Caution must be taken to ensure that the enable (EN) 
voltage is at least 0.7V below V+ at all times. If this is not 
done, the Address input strobing levels will not function 
properly. This may be achieved quite simply by connecting 
EN (pin 2) to V+ (pin 13) via a silicon diode as shown in 
Figure 8. When using this type of configuration, a further 
requirement must be met: the strobe levels of AO and A1 
must be within 2.5V of the EN voltage in order to define a 
binary "1" state. For the case shown in Figure 8 the EN 
voltage is 1 1 .3V which means that logic high at AO and A1 
is = + 8.8V (logic low continues to be = 0.8V). In this 
configuration the IH6108 cannot be driven by TTL ( + 5V) or 
CMOS ( + 5V) logic. It can be driven by TTL open collector 
logic or CMOS logic with +12V supplies. 

If the logic and the IH6108 have common supplies, the 
EN pin should again be connected to the supply through a 
silicon diode. In this case, tying EN to the logic supply 
directly will not work since it violates the 0.7V differential 
voltage required between V+ and EN, (See Figure 9). A 
l/uF capacitor pan be placed across the diode to minimize 
switching glitches. 
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Figure 8: IH6108 Connection Diagram for less than +15V Suppiy Operation 
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Figure 9: IH6IP8 Connection Diagram with ENable Input Strobing for less than ±15V Supply 
Operation 



Peak-to-Peak Signal Handling Capability 

The IH61 08 can handle input signals up to ± 1 4V (actuary 
-15V to + 14.3V because of the input protection diode) 
when using ±15V supplies. 



The electrical specifications of the IH6108 are guaran- 
teed for ±10V signals, but the specifications have very 
minor changes for ±14V signals. The notable changes are 
slightly lower rDS(on) and slightly higher leakages. 
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IH6116 

16-Channel 

CMOS Analog Multiplexer 




GENERAL DESCRIPTION 

The IH6116 is a CMOS monolithic, one of 16 multiplexer. 
The part is a plug-in replacement for the DG506. Four line 
binary decoding is used so that the 16 channels can be 
controlled by 4 Address inputs; additionally a fifth input is 
provided to be used as a system enable. When the ENable 
input is high (5V) the channels are sequenced by the 4 line 
Address inputs, and when low (OV), all channels are off. The 
4 Address inputs are controlled by TTL logic or CMOS logic 
elements with a "0" corresponding to any voltage less than 
0.8V and a "1" corresponding to any voltage greater than 
2.4V. Note that the pNable input must be taken to 5V to 
enable the system and less than 0.8V to disable the system. 



ORDERING INFORMATION 



FEATURES 

• Pin Compatible With DG506, HI-506 & AD7506 

• Ultra Low Leakage — iD(off) - lOOpA 

• ±11 Analog Signal Range 

• rDS(on) < 700 Ohms Over Full Signal and 
Temperature Range 

• Break-Before-Make Switching 

• TTL and CMOS Compatible Address Control 

• Binary Address Control (4 Address Inputs 
Control 16 Channels) 

• Two Tier Submuitipiexing to Facilitate 
Expandability 

• Power Supply Quiescent Current Less Than 
lOOjuA 

• No SCR Latchup 



PART NUMBER 


TEMPERATURE RANGE 


PACKAGE 


IH6116MJI 


-SS^C to +125X 


28 pin CERDIP 


IH6116CJI 


CC to 70°C 


28 pin CERDIP 


IH6116CPI 


O^'C to 70X 


28 pin Plastic DIP 



Ceramic package available as special order only (IH6116MDI/CDI) 






DECODE TRUTH TABLE 


A3 


A2 


Ai 


Ao 


EN 


ON SWITCH 


X 


X 


X 


X 





NONE 
















1 











1 




2 








1 







3 








1 


1 




4 





1 










5 





1 





1 




6 


Q 


1 


1 







7 





1 


1 


1 




8 















9 










1 




10 







1 







11 







1 


1 




12 




1 










13 




1 





1 




14 




1 


1 







15 




1 


1 


1 




16 




Logic 
Logic 



•1"=Vah^2.4V VenH^4.5V 
'0"=Val^0.8V 



TO DECODE LOOIC 
CONTROLLING BOTH 
TIERS OF MUXING 




ADORER DECODE 
1 0»16 



ENABLE 
lot 4 



i i i i i 

Ao Ai Az Kz EN 



4 LINE BINARY ADDRESS INPUTS 

(0 1) AND EN it SV 

ABOVE EXAMPLE SHOWS CHANNEL 9 TURNED ON 



Figure 1: Functional Diagram 
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Figure 2: Pin Configuration 
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305534-002 



g 1116116 

1 ABSOLUTE MAXIMUM RAtrNGS 

V|N (A, EN) to Ground -15V to 15V 

Vs or Vd to V+ 0, -32V 

Vs or Vd to V- i ...0, 32V 

V+ to Ground. ,.... .;.... 16V 

V- to Ground -16V 

Current (Any Terminal) ....30mA 



Current (Analog Source or Drain) 20mA 

Operating Temperature -55 to 125'*C 

Storage Temperature..... -65 to 150°C 

Lead Temper;ature (Soldering, lOsec) 300°C 

Power Dissipation (Package)* 1200mW 

*AII leads soldered or welded to PC board. Derate 10mW/°C above 70°C. 



Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings only, and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 



ELECTRICAL CHARACTERISTICS 

V+ = 15V, V- - -15V, Ven = +5V (Note 1)» Ground = 



OV, unless otherwise specified. 





" 


MEASURED 
TERMINAL 


NO 
TESTS 

PER 
TEMP 


TYP 
25'C 






MAX LIMITS 


UNIT 


CHARACTERISTIC 


TEST CONDITIONS 


M SUFFIX 


C SUFFIX 


-55X125X1 125°C 


O^'C |25X|70°C 


SWITCH 1 


rDS(ON) 


S to D 


16 


480 


Vd»10V, Is** -1mA 


Sequence each switch on 
Val = 0.8V, Vah = 3V 


600 


600 


700 


650 


650 


750 


n 


16 


300 


Vp=-10V, Is = 1mA 


600 


600 


700 


650 


650 


750 


ArDS(ON) 






20 


rDS(on)avg. 














% 


•S(OFF) 


S 


16 


0.01 


Vs=10V, Vd=-10V 






±.5 


50 




±1 


50 


nA 


16 


0.01 


Vs=-10V, Vd = 10V 


Ven = 0.8V 




±.5 


50 




±1 


50 


ID(OFF) 


D 


1 


0.1 


Vd = 10V, Vs=-10V 




±1 


100 




±5 


100 


1 


0.1 


Vd=-10V, Vs=10V 




±2 


100 




±5 


100 


•D(0N) 


D 


16 


0.1 


Vs(ALL) = Vd = 10V 


Sequence each switch on 
Val = 0.8V. Vah = 3V 




±2 


100 




±5 


100 


16 


0.1 


Vs(ALL)-Vd=-10V 




±2 


, 100 




±5 


100 


IKPUT 1 


•A(on) or 
lA(off) 




4 


0.01 


Va = 2.4V 






-10 


-30 




-10 


-30 


mA 


4 


0.01 


Va = 15V 






10 


30 




10 


30 


«A 


A2 A3 


4 




Ven = 5V 


All Va = 




-10 


-30 




-10 


-30 


EN 


1 




Ven = o 




-10 


-30 




-1.0 


-30 


DYNAMIC 1 


ttrans 


D 




0.6 


See Fig. 3 














MS 


topen 


D 




0.2 


See Fig. 4 














tEN(on) 


D 




0.8 


See Fig. 5 




1.5 










tEN(off) 


D 




0.3 






1 










"OFF" Isolation 


D 




60 


Ven = 0, Rl == 200a Cl = 3pF, Vs = 3VRMS, 
f = 500kHz , 














dB 


Cs(OFF) 


S 




,5 


Vs = ■ 


Ven = 0, f = 140kHz to 
1MHz 














PF 


Cd(OFF) 


D 




40 


Vd = 














Cds(OFF) 


D to S 




1 


Vs = 0, Vd = 














SUPPLY 1 


Supply 
Current 


+ 


V + 


1 


55 


Ven = 5V 


All Va = or 5V 




200 






loop 




n^ 


- 


V- 


1 


2 




100 






1000 




Standby 
Current 


+ 


v-^ 


1 


1 


Ven = o 




100 






1000 




- 


V- 


1 


1 




100 






1000 





NOTE 1: See Section V. Enable Input Strot)ing Levels. 
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Figure 3: Switching Information 
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Figure 4: Switching Information 
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I IH6116 

S iH6116 APPLICATIONS 
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Figure 6: 1 Out of 32 Channel Multiplexer Using 2 IH6li6s 
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IH6116 APPLICATIONS (CONT.) 
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Figure 7: 1 Out of 32 Channel Multiplexer Using 2 iH6116s; Using An IH5041 for Submultiplexing 
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Figure 8: 1 Out of 64 Multiplexer Using 4 1/16s and IH5053 As Submultiplexer 



General note on expandability of IH6116 

The IH6116 is a two tier multiplexer, where sixteen input 
channels are routed to a common output in blocks of 4. 
Each block of 4 input channels is routed to one common 
output channel, and thus the submultiplexed system looks 
like 4 blocks of 4 inputs routed to 4 different outputs with 
the 4 outputs tied together. Thus 20 switches are needed to 
handle the 16 channels of information. The advantage of 
this is lower output capacitance and leakage than would be 
possible with a system using ail 16 channels tied to one 
common output. Also the expandability into 32, 64, 128, 
channels etc. is facilitated. Figures 6, 7, and 8 show how the 
IH6116 can be expanded. 

Figure 6 shows a 1 of 32 multiplexer, using 2 IH6116s. 
Since the 61 16 is itself a 2 tier MUX, the system as shown Is 
basically a 2 tier system. The four output channels of each 



6116 are tied together so that 8 channels are tied to the 
VouT common point. Since only one channel of information 
is on at a time, the common output will consist of 7 OFF 
channels and 1 ON channel. Thus the output leakage will 
correspond to 7 iD(offs) and 1 iD(on). or about I.OnA of 
typical leakage at room temperature. Throughput speed will 
be typically 0.8ms for ton and 0.3jus for toff. Throughput 
channel resistance will be in the 500^ area. 

Figure 7 shows the 1 of 32 MUX of Figure 6, with a third 
tier of submultiplexing added to further reduce leakage and 
output capacitance. The IH5041 has typical ON resistances 
of 5012 (max. is 75^) so it only increases thruput channel 
resistance from the 500 ohms of Figure 6 to about 550 
ohms for Figure 7. Throughput channel speed is a little 
slower by about 0.5ius for both ON and OFF time, and 
output leakage Is about 0.2nA. 
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IH6116 



Figure 8 shows a 1 of 64 MUX using 3 tier MUXing 
(similar to Figure 7). The Intersil IH5053 is used to get the 
third tier of MUXing. The Vqut 9o\nX will see 3 OFF 
channels and 1 ON channel at any one time, so that the 
typical leakages will be about 0.4 nA. Throughput channel 
resistance will be in the 550 ohm area with throughput 
switching speeds about 1.3iLis for ON time and 0.8/us for 
OFF time. 

The IH5053 was chosen as the third tier of the MUX 
because It will switch the same AC signals as the IH6116 
(typically plus and minus 1 5V) and uses break before make 
switching. Also power supply quiescent currents are on the 
order of 1-2jLtA, so that no excessive system power is 
dissipated. Note that the logic of the 5053 is such that it can 
be tied directly to the ENable input (as shown in the figures) 
with no extra circuitry being required. 

Enable input strobing levels 

The enable input (EN) acts as an enabling or disabling pin 
for the IH61 16 when used as a 16 channel MUX. However, 
when expanding the MUX to more than 1 6 channels, the EN 
pin acts as another address input. Figures 6 and 7 show the 
EN pin used as the A4 input. 

For the system to function properly the EN input (pin 1 8) 
must go to 5V ±5% for the high state and less than 0.8V for 



the low state. When using TTL logic, a pull-up resistor of O) 
1 k!^ or less should be used to pull the output voltage up to 
5V. When using CMOS logic, the high state goes to the 
power supply so no pull-up is required. 

If used on high voltage logic supplies, EN should be at 
least 0.7V below V + at all times. See IH61 08 data sheet for 
details. 

APPLICATION NOTES 

Further information may be found in: 

A003 "Understanding and Applying the Analog Switch," 

by Dave Fullagar 
A006 "A New CMOS Analog Gate Technology," by Dave 

Fullagar 
A020 "A Cookbook Approach to High Speed Data 

Acquisition and Microprocessor Interfacing," by Ed 

Slieger 
R009 "Reduce CMOS Multiplexer Troubles Through 

Proper Device Selection," by Dick Wilenken 

NOTE: This multiplexer does not require external resistors 
and/or diodes to eliminate what is commonly known as a 
latch up or SCR action. Because of this fact, the rDS(ON) of 
the switch is maintained at specified values. 
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IH6201 

Dual CMOS 
Driver/Voltage Translator 




GENERAL DESCRIPTION 

The IH6201 is a CMOS, Monolithic, Dual Volbge Transla- 
tor; it takes low level TTL or CMOS logic signals and 
converts them to higher levels (I.e. to ±15V swings). This 
translator is typically used in making solid state switches, or 
analog gates. 

When used in conjunction with the Intersil IH401 family of 
Varafets, the combination makes a complete solid state 
switch capable of switching signals up to 22Vpp and up to 
20MHz in frequency. This switch is a "break-bef ore-make" 
type (i.e. toff time < ton time). The combination has typical 
toff ^ 80ns and typ. ton ^ 200ns for signals up to 20Vpp in 
amplitude. 

A TTL "1" input strobe will force the d driver output up to 
V"^ level; the d output will be driven down to the V" level. 
VVhen the TTL input goes to "0", the ^ output goes to V" 
and d goes to V"'" ; thus d and d are 180° out of phase with 
each other. These complementary outputs can be used to 
create a wide variety of functions such as SPOT and DPDT 
switches, etc.; alternatively the complementary outputs can 
be used to drive N and P channel MOSFETs, to make a 
complete CMOS analog gate. 

The driver typically uses + 5V and ± 1 5V power supplies, 
however a wide range of V^ and V~ is also possible. It is 
necessary that V "^ > 5V for the driver to work properly, 
however. 



FEATURES 

• Driven Direct From TTL or CI\AOS Logic 

• Translates Logic Levels Up to 30V Levels 

• Switches 20Vacpp Signals When Used in 
Conjunction With Intersil IH401A Varafet (As An 
Analog Gate) 

• toN ^ 300ns & toFF ^ 200ns for 30V Level Shifts 

• Quiescent Supply Current < lOOjuA for Any State 
(D.C.) 

• Provides Both Normal & Inverted Outputs 

ORDERING INFORMATION 



PART NUMBER 


TEMPERATURE RANGE 


*IH6201CDE 


OX to 70*'C 


*IH6201MDE 


-55°C -. +125*'C 


IH6201CJE 


CC to 70°C 


IH6201MJE 


-55X to 125*'C 


IH6201CPE 


0°C to 70X 



*Special Order Only 



LOGIC 

STROBE 

INPUTi 



Q 



DRIVER 
OUTPUT 



LOGIC I J 

STROBE I , ^ 
INPUT2 JL-«VL 



15V DRIVER 
OUTPUT 

»-«2 



Figure 1: Functional Diagram 




(Outline dwgs DE,JE,PE) 
Figure 2: Pin Configuration 




Figure 3: Schematic Diagram (One Channel) 
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IH6201 

ABSOLUTE MAXIMUM RATIN6S 



V+ to V 

v-^ 

V- 



35V 

35V 

35V 

to V|N 40V 



Operating Temperature -55°C to +125°C 

Storage Temperature.. -65°C to +150°C 

Lead Temperature (Soldering, 10sec) 300°C 



stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings only, and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to 
absolute maximum rating conditions for extended penods may affect device reliability. 



ELECTRICAL SPECIFICATIONS v^ 



+ 15V, V- 



-15V, Vl= +5V 



ITEM 


TEST CONDITIONS 


IH6201CDE 


IH6201MDE 


UNIT 


-25X 


+ 25X 


+ 85X 


-55X 


+ 25X 


+ 125X 


6 or d dnver output swing 


V|N = OV -TL + 3V Fig. 5B 




28 






28 




Vpp 


V|N strobe level ("1")for 
proper translation 


0>14V 
d> -14V 


3.0 


3.0 


3.0 




2.4 




Vd.c 


V|N strobe leyel ("O")for 
proper translation 


0>-14V 
5>14V 


0.4 


0.4 


0.4 




0.8 




Vdc 


llN input strobe current draw 
(for OV - 5V range) 


V|N = OV or + 5V 


±1 


±1 


10 


±1 


±1 


10 


HA 


ton time 


V|N = OV -TL Cl = 30pF 
switching turn-on time fig. 5B 




400 






300 




ns 


toff time 


V|N = OV -TL Cl = 30pF 
switching turn-off time fig. 5B 




300 






200 




ns 


I"*" (V*") power supply 
quiescent current 


V|N = OV or + 5V 


100 


100 


100 


100 


100 


100 


HA 


r (V~) power supply 
quiescent current 


V|N = OV or + 5V 


100 


100 


100 


100 


100 


100 


fiA 


II (Vl) power supply 
quiescent current 


V|N = OV or + 5V 


100 


100 


100 


100 


100 


100 


mA 



APPLICATIONS 
Input Drive Capability 

The strobe input lines are designed to be driven from TTL 
logic levels; this means 0.8V to 2.4V levels max. and min. 
respectively. For those users who require 0.8V to 2.0V 
operation, a pull-up resistor is recommended from the TTL 
output to + 5V line. This resistor is not critical and can be in 
the 1kl2 to 10ki7 range. 

When using 4000 series CMOS logic, the input strobe is 
connected direct to the 4000 series gate output and no pull 
up resistors, or any other interface, is necessary. 

When the input strobe voltage level goes below Gnd (i.e. 
to - 1 5V) the circuit is unaffected as long as V "^ to V|n does 
not exceed absolute maximum rating. 

Output Drive Capability 

The translator output is designed to drive the Intersil 
IH401 family of Varafets; these are N-channel JFETS with 
built-in driver diodes. Driver diodes are necessary to isolate 
the signal source from the driver/translator output; this 
prevents a forward bias condition between the signal input 
and the +Vcc supply. The IH6201 will drive any JFET 
provided some sort of isolation is added i.e. 

You will notice in Figure 4 that a "referral" resistor has 
been added from 2N4391 gate to its source. This resistor is 
needed to compensate for the inadequate charge area 
curve for isolation diode (i.e. If C vs. V plot for diode < 2 [C 
vs. V plot for output JFET] switch won't function; then 
adding this resistor overcomes this condition. The "refer- 



ral" resistor is normally in the 100kr2 to 1M^ range and is 
not too critical. 















SIGNAL INPUT 


+3V 


REFERRAL < 






TTL INPUT 


RESISTOR < 

driver\ I^ 1 
TRANS. J n 

OIOOE 


4 


, SWITCH 

; OUTPUT 






^Rl 






i 






TC00920I 




Figure 4 





Making a Complete Solid State Switch That 
Can Handle 20Vpp Signals 

The limitation on signal handling capability comes from 
the output gating device. When a JFET is used, the pinch- 
off of the JFET acting with the V~ supply does the limiting. 
In fact max. signal handling capability = 2 (Vp h- (V~)) Vpp 
where Vp = pinch-off voltage of JFET chosen, i.e. Vp = 7V, 
V- = -15V .-. max. signal handling = 2 (7V + (-15V)) 
Vpp = 2(7V-15)pp = 2(-8Vpp) = 16Vpp. Obviously to 
get > 20Vpp, Vp > 5V with V" = -15V. Another simple way 
to get 20 Vpp with Vp = 7V, is to increase V" to -17V. In 
fact using V^ = +12V or +15V and setting V" = -18V 



0> 
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I IH6201 

S APPLICATIONS (CONT.) 

allows one to switch 20Vpp with any member of IH401 
family. The advantage of using the Vp = 7V pinch-off (along 
with unsymmetrical supplies), over the Vp = 6V pinch-off 
(and ±15V supplies), is that you will have a much lower 
RdS(ON) tor the Vp = 7 JFET (i.e. for the 2N4391). 
rDS(ON) ^ 22^, rDS(ON) ^ 35S^) 



Vp = 7V 



= 5V 



The IH6201 is a dual translator, each containing 4 CMOS 
FETs pairs. The schematic of one-half IH6201, driving one- 
quarter of an IH401, is shown In Figure 5 A. 




TRANSLATOR 



Figure 5A 
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-15 






OV 
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Figure 5B 



NOTE: Each translator output has a 6 and d output. 6 is just 
the Inverse of d. 

A very useful feature of this system is that one-half of an 
IH6201 and one-half of an IH401 can combine to make a 
SPOT switch, or an IH6201 plus an IH401 can make a dual 
SPOT analog switch. (See Figure 8) 




Figure 6: Dual SPST Analog Switch 




Figure 7: DPDT Analog Switcli 



NOTE: Either switch is turned on when strobe input goes high. 
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1 

-. TTL ^ 

13 INPUT 1 ^ 

i4j -15V 

i 1 

i^ +5V 
11] +15V 

^ INPUT 2 ^ 

H 



Figure 8: Dual SPDT 
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IH6201 

APPLICATIONS (CONT.) 
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I lH620d 

I 4-Channel Differential 
CI\/IOS Analog Multiplexer 




GENERAL DESCRIPTION 

The IH6208 is a monolithic 2 of 8 CMOS multiplexer. The 
part is a plug-In replacement for the DG509. Two line binary 
decoding is used so that the 8 channels can be controlled in 
pairs by the binary Inputs; additionally a third input is 
provided to use as a system enable. When the ENable input 
is high (5V) the channels are sequenced by the 2 line binary 
inputs, and when low (OV) all channels are off. The 2 
Address inputs are controlled by TTL logic or CMOS logic 
elements with a "0" corresponding to any voltage less than 
0.8V and a "1" corresponding to any voltage greater than 
2.4V. Note that the ENable Input must be taken to 5V to 
enable the system, and less than 0.8V to disable the 
system. 

ORDERING INFORMATION 



FEATURES 

• Ultra Low Leakage -— iD(off) - lOOpA 

• CDSCon) < 400 Ohms Over Full Signal and 
Temperature Range 

• Power Supply Quiescent Current Less Than 
IOOmA 

• ± 14V Analog Signal Range 

• No SCR Latchup 

• Break-Before-Make Switching 

• Binary Address Control (2 Address Inputs 
Control 2 Out of 8 Channels) 

• TTL and CMOS Compatible Address Control 

• Pin Compatible With HI509, DG509 & AD7509 



PART NUMBER 


TEMPERATURE RANGE 


PACKAGE 


IH6208MJE 


-SS^'C to +125X 


16 pin CERDIP 


IH6208CJE 


o**c to yo'^c 


16 pin CERDIP 


IH6208CPE 


ox to 70X 


16 pin Plastic DIP 



Ceramic package available as special order only (IH6208MDE/CDE) 



DECODE TRUTH TABLE 











ON 


Ai 


Ao 


EN 


SWITCH 
PAIR 


X 


X 





NONE 








1 


la, lb 





1 


1 


2a, 2b 


1 





1 


3a, 3b 


1 


1 


1 


4a, 4b 



Ao, Ai 

LOGIC "1" = Vah ^ 2.4V Venh ^ 4.5V 

LOGIC "0"=Val^0.8V 



ADDRESS DECODE 



10F4 A 




2 LINE BINARY ADDRESS INPUTS 

(0 0) AND EN = 5V (EN = "I" FOR + 5V, "0" FOR OV; 

ABOVE EXAMPLE SHOWS CHANNELS la ft lb ON. 



Figure 1: Functional Diagram 



Figure 2: Pin Configuration 
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IH6208 



ABSOLUTE MAXIMUM RATINGS 

V|N (A. EN) to Ground -15V, Vi 

Vs or Vd to V+ 0, -32V 

Vs or Vd to V- 0, 32V 

V"^ to Ground 16V 

V" to Ground -16V 

Current (Any Terminal) 30mA 



10 

s 



Current (Analog Source or Drain) 20mA 

Operating Temperature -55 to 125**C 

Storage Temperature -65 to 150^ 

Lead Temp (Soldering, lOsec) 300°C 

Power Dissipation (Package) * 1 200m W 

*AII leads soldered or welded to PC board. Derate 10mW/°C above 70'C. 



Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings only, and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 

ELECTRICAL CHARACTERISTICS 



V+ =15V, V- = - 


-15V, Ven= + 


5V (Note 1), Ground = 0V, unless othenvise specified. 














CHARACTERISTIC 


MEASURED 
TERMINAL 


NO 
TESTS 

PER 
TEMP 


TYP 
25°C 


TEST CONDITIONS 


MAX LIMITS 


UNIT 


M SUFFIX 


C SUFFIX 


-5BX 


25"C 


125''C 


OX 


25°c|70°C 


SWITCH 


rDS(ON) 


S to D 


8 


180 


Vd = 10V, Is= -1.0mA 


Sequence each switch on 
Val = 0.8V. Vah = 2.4V 


300 


300 


400 


350 


350 


450 


a 


8 


150 


Vd= -10V, ls= -1.0mA 


300 


300 


400 


350 


350 


450 


ArDS(ON) 






20 


rDS(on)avg. 














% 


IS(OFF) 


S 


8 


0.002 


Vs = 10V, Vd= -10V 






±.5 


50 




±1 


50 


nA 


8 


0.002 


Vs=-10V, Vd = 10V 


Ven = 0.8V 




±.5 


50 




±1 


50 


ID(OFF) 


D 


2 


0.03 


Vd=10V, Vs= -10V 




±2 


50 




±5 


100 


„ 2 


0.03 


Vd= -10V, Vs = 10V 




±2 


50 




±5 


100 


ID(ON) 


D 


8 , 


0.1 


Vs(ALL) = Vd = 10V 


Sequence each switch on 
Val = 0.8V, Vah = 2.4V 




±2 


50 




±5 


100 


8 


0.1 


VS(ALU--10V 




±2 


50 




±5 


100 


INPUT 


lA(on) 
lA(off) 




2 


0.01 


Va = 2.4V or OV 






-10 


-30 




-10 


-30 


/t^, 


2 


0.01 


Va=15V or OV 






10 


30 




10 


30 


Ia 


Ao, Ai 


2 




Ven = 5V 


All Va = 
(Address Pins) 




-10 


-30 




-10 


-30 


EN 


1 




Ven = 




-10 


-30 




-10 


-30 


DYNAMIC 1 


^transition 


D 




0.3 


See Fig. 3 




1 










MS 


topen 


D 




0.2 


See Fig. .4 














tEN(on) 


D 




0.6 


See Fig. 5 




1.5 










tEN(off) 


D 




0.4 






1 










"OFF" Isolation 


D 




60 


Ven = 0, Rl = 200^, Cl = 3pF, Vs = 3VRMS, 
f = 500kHz 














dB 


Cs(off) 


S 




5 


Vs = 
















Cd(off) 


D 




12 


Vd = 


Ven = OV, f = 140kHz to 
1MHz 












PF 


CdsCoff) 


O to S 




1 


Vs = 0, Vd = 














SUPPLY 


Supply 
Current 


+ 


V + 


1 


40 


VeN = 5V 


All Ya = or 5V 




200 






1000 




ma 


- 


V- 


1 


2 




100 






1000 




Standby 
Current 


+ 


V + 


1 


1 


Ven = o 




100 






1000 




- 


V- 


1 


1 




100 






1000 





NOTE 1: See Section 1 Enable Input Strobing Levels. 
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I IHa208 

I SWITCHING INFORMATION 



3.0V- 
1.4V- 

o.»v 
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0- 

Vsib 
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i 




0.9Vsib- 
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0.»VS4b- 




\ 




1 




VS4b- 


■*f S4b(0N) — ^ 


•^k ttrans 




PROBE IMPEDANCE 

Rp > IMli 
Cp < 30pF 



WF00410I 

Figure 3: ttrans Switching Test 



va 
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VOUT 
(SEE FIG.2) 
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\L S3b 
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-OVOUT 
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Figure 4: topen (Brealc-Before-iyialce) Switching Test 



.»tf^i<j£: :i£L/^" 



SWITCH OUTPUT 

VoUT 

(SEE PIG. 3) 





Figure 5: ton ^'^cl toff Switching Test 
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IH6208 



IH6208 APPLICATION INFORMATION 



X 

i 



ENable Input Strobing Levels 

The ENable input on the IH6208 requires a minimum of 
+ 4.5V to trigger it into the "1" state and a maximum of 
+ 0.8V to trigger it into the "0" state. If the ENable input is 
being driven from TTL logic, a pull-up resistor of 1k to 3k^ 
is required from the gate output to + 5V supply. (See Figure 
6). 



E 
H 
E 
[± 
E 



r^ 



OM7404N 
TTL LOGIC 



ir 



3 
II 



AoCI 
_ENu 

-15V [I 

si«|T 

S2«(T 

S3a[7 

S4«jT 

Oi[| 



ifJAi 

14J+1SV 
13]81b 
12] 82b 
1l]S3b 
1§S4b 
3°2 



Figure 6: ENable Input Strobing From TTL Logic 



When the EN input is driven from CMOS logic, no pullup is necessary. (See Fig. 7) 
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E 
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16J- 
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AojT 
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14J+15V 
13] Sib 
12)S2b 
1l]S3b 
J0]s4b 
i]D2 



Figure 7: CMOS Logic Driving ENable Pin 
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Z IH6208 APPLICATION INFORMATION (CONT.) 



The supply voltage of the CD40G9 affects the switching 
speed of the IH6208; the same is true for TTL supply 
voltage levels. The chart below shows the effect on ttrans 
for a supply varying from +4.5V to +5.5V. 



CMOS OR 


TYPICAL ttrans 


TTL SUPPLY 


@ 25°C 


+ 4.5V 


400ns 


+ 4.75V 


300ns 


+ 5.0V 


250ns 


+ 5.25V 


200ns 


+ 5.50V 


175ns 



The throughput rate can therefore be maximized by using 
a + 5V to + 5.5V supply for the ENable Strobe Logic. 

The examples shown in Figures 6 and 7 deal with ENable 
strobing when expansion to more than four differential 
channels is required; in these cases the' EN terminal acts as 
a third address input. If four channel pairs or less are being 
multiplexed, the EN terminal can be directly connected to 
+ 5V to enable the IH6208 at all times. 

Using the IH6208 with supplies other than 
±15V 

The IH6208 can be used with power supplies ranging 
from ±6V to ±16V. The switch rDS(on) will increase as the 



supply voltages decrease, however, the multiplexer error 
term (the product of leakage times rDS(on)) will remain 
approximately constant Since leakage decreases as the 
supply voltages are reduced. 

Caution must be taken to ensure that the enable (EN) 
voltage is at least 0.7V below V "^ at all times. If this is not 
done the Address Input strobing levels will not function 
properly. This may be achieved quite simply by connecting 
EN (pin 2) to V"*" (pin 14) via a silicon diode as shown in 
Figure B. A further requirement must be met when using this 
type of configuration; the, strobe levels at AO and A1 must 
be within 2.5V of the EN voltage in order to define a binary 
"1" state. For the case shown in Figure 8 the EN voltage is 
11.3V, which means that logic high at AO and A1 
is =+ 8.8V (logic low continues to be = 0.8V). In this 
configuration the IH6208 cannot be driven by TTL ( + 5V) or 
CMOS ( + 5V) logic: It can be driven by TTL open collector 
logic or CMOS logic with +12V supplies. 

If the logic and the IH6208 have common supplies, the 
EN pin should again be connected to the supply through a 
silicon diode. In this case, tying EN to the logic supply 
directly will not work since it violates the 0.7V differential 
voltage required between V"*" and EN (See Figure 9). A IjuF 
capacitor can be placed across the diode to minimize 
switching glitches. 



1N914 1 1 



Ao(T 
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Figure 8: IH6208 Connection Diagram for Less Than ±15V Supply Operation 
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IH6208 

IH6208 APPLICATION INFORMATION (CONT.) 



K» 



[I 
II 
E 
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II 
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Figure 9: IH6208 Connection Diagram With ENable Input Strobing 
for Less Than ±15V Supply Operation 



Peak-to-Peak Signal Handling Capability 

The 1H6208 can handle input signals up to ± 14V (actually 
-15V to + 14.3V because of the input protection diode) 
when using ±15V supplies. 

The electrical specifications of the IH6208 are guaran- 
teed for ±10V signals, but the specifications have very 
minor changes for ±14V signals. The notable changes are 
slightly lower rDS(on) and slightly higher leakages. 
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IH6216 

8-Channel Differential 
CmiOS Analog Multiplexer 




GENERAL DESCRIPTION 

The IH6216 is a CMOS monolithic 2 of 16 multiplexer. 
The part is a plug-in replacement for the DG507. Three line 
binary decoding is used so that the 16 channels can be 
controlled in pairs by the binary inputs; additionally a fourth 
input is provided to use as a system enable. When the 
ENable input is high (5V) the channels are sequenced by 
the 3 line binary inputs, and when low (OV), all channels are 
off. The 3 Address inputs are controlled by TTL logic or 
CMOS logic elements with a "0" corresponding to any 
voltage less than 0.8V and a "1" corresponding to any 
voltage greater than 3.0V. Note that the ENable input must 
be taken to 5V to enable the system and less than 0.8V to 
disable the system. 

ORDERING INFORMATION 



FEATURES 



Pin Coinpatible With HI507, DG507 & AD7507 

±11V Analog Signal Range 

rDS(on) < 700 Ohms Over Full Signal and 

Temperature Range 

Break-Before-Make Switching 

TTL and CMOS Compatible Address Control 

Binary Address Control (3 Address Inputs 

Control 2 Out of 16 Channels) 

Two Tier Submuitiplexing to Facilitate 

Expandability 

Power Supply Quiescent Current Less Than 

lOO/uA 

No SCR Latchup 

Very Low Leakage Id(OFF) - 100pA 



PART NUMBER 


TEMPERATURE RANGE 


PACKAGE 


IH6216MJI 


-55°C to +125**C 


28 pin CERDIP 


IH6216CJI 


OX to TO^'C 


28 pin CERDIP 


IH6216CPI 


OX to 70X 


28 pin Plastic DIP 



Ceramic package available as special order only (IH6216MDI/CDI) 



DECODE TRUTH TABLE 












ON 


A2 


Ai 


Ao 


EN 


SWITCH 
PAIR 


X 


X 


X 





NONE 













1 








1 




2 





1 







3 





1 


1 




4 


1 










5 


1 





1 




6 


1 


1 







7 


1 


1 


1 




8 



LOGIC "1" = Vah > 3V Venh > 4.5V 
LOGIC "0"=Val<0.8V 



TO DECODE LOGIC 
CONTROLLWO BOTH 
TIERS OF MUXINQ 



ADDRESS DECODE 
10F8 



TTTT 



ENABLE 
10F2 



EN (ENABLE INPUT) 

3 LINE BINARY ADDRESS INPUTS 

(0 0)ANDEN>SV 

ABOVE EXAMPLE SHOWS CHANNELS la ft lb ON. 



Figure 1: Functional Diagram 




TOP VIEW 
V-^ COMMON TO SUBSTRATE 



Figure 2: Pin Configuration 
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ABSOLUTE MAXIMUM RATINGS 

V|N (A, EN) to Ground -15Vo-Vi 

Vs or Vd to V+ 0, -32V 

Vs or Vd to V- ;.: 0, 32V 

V+ to Ground 16V 

V- to Ground , -16V 

Current (Any Terminal) 30mA 



Current (Analog Source or Drain) 20mA 

Operating Temperature -55 to 1 25°C 

Storage Temperature -65 to 1 50*'C 

Lead temperature (Soldering, 10sec) 300X 

Power Dissipation (Package)* 1200mW 

*AII leads soldered or welded to PC board. Derate 10mW/°C above 70°C. 

Stresses above those listed under Absolyte. Maximum Ratings may cause permanent damage to the device. These are stress ratings only, and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to 
absolute maximum rating conditions for extended penods may affect device reliability. 

ELECTRICAL CHARACTERISTICS 



V"*" =15V, V- = - 


-15V. Ven= +> 


6V (Note 1), Grpund = OV, unless othen/vise specified. 














CHARACTERISTIC 

/ 


MEASURED 
TERMINAL 


NO 
TESTS 

PER 
TEMP 


TYP 
25°C 


TEST CONDITIONS 


MAX LIMITS 


UNIT 


M SUFFIX 


C SUFFIX 


-55''C|25''C 


125X 


0°C 


25°C 


70°C 


SWITCH 1 


i'DS(ON) 


S to D 


16 


480 


Vd = 10V,. ls=-1mA 


Sequence each switch on 
Val=0.8V, Vah = 3V 


600 


600 


700 


650 


650 


750 


n 


16 


300 


Vd= -10V, Is = 1mA 


600 


600 


700 


650 


650 


750 


ArDS(ON> 






20 


rDS(on)max - rDS(on)min 

^rDS(on) Vs ±10V 

rDS(on)avg 














% 


IS(OFF) 


5 


16 


. 0.01 


Vs = 10V, Vd=-10V 






±.5 


50 




±1 


50 


nA 


16 


0.0"1 


Vs=-10V, Vd=10V 


Ven = 8V 




±.5 


50 




±1 


50 


ID(OFF) 


P 


2 


0.1, 


Vd = 10V, Vs=-10V 




±2 


100 




±5 


100 


2 


01 


Vd=-10V, Vs=10V 




±2 


100 




±5 


100 


'D(ON) 


D 


16 


0.1 


Vs(ALL) = Vd=10V 


Sequence each switch on 
Val = 0.8V, Vah = 3V 




±2 


100 




±5 


100 


16 


0.1 


Vs(ALL) = Vd=-10V 




±2 


100 




+ 5 


100 


INPUT 1 


lA(on) or 
lA(off) 




3 


0.01 


Va = 3 OV 




-10 


-30 




-10 


-30 




3 


01 


Va = 15V 




10 


30 




10 


30 




Ia 


Ao Ai 
A2 A3 


3 




Ven = 5V 


^11 Va = ■ 




-10 


-30 




-10 


-30 


/iA 


EN 


1 




Ven = o 




-10 


-30 




-10 


-30 


DYNAMIC 1 


^trans 


D 




06 


See Fig. 3 




1 










MS 


topen 


D 




02 


See Fig. 4 














ton(EN) 


• D 




0.8 


See Fig. 5 




1.5 










toff(EN) 


D 




0.3 






1 










"OFF" Isolation 


D 




60 


Ven = 0, Rl = 200^, Cl = 3pF, Vs = 3VRMS, 
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NOTE 1: See Enable Input Strobing Levels, Section 1 
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Figure 3: Switching Information 
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IH6216 APPLICATIONS 
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Figure 6: 2 Out of 32 Channel Multiplexer Using 2 IH6216S 
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Figure 7: 2 One of 32 Multiplexer Using Two IH6216S, and An IH5043 for Submultiplexing 
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g IH6216 



"" General note on expandability of IH6216 

The IH6216 is a two tier multiplexer, where 8 pairs of 
input channels are routed to a pair of outputs in blocks of 4. 
Each block of 4 input channels is routed to one common 
output channel, and thus the submultiplexed system looks 
like 4 blocks of 4 inputs routed to 4 different outputs with 
the 4 outputs tied in pairs. Thus 20 switches are needed to 
handle the 16 channels of information. The advantages of 
this are lower output capacity and leakage than would be 
possible using a system with all 8 channels tied to one 
common output. Also the expandability into 2 out of 32, 64, 
128, etc. is facilitated. Figures 6, 7, and 8 show how the 
IH6216 is expanded. 

DECODE TRUTH TABLE 



Figure 6 shows a 2 of 32 mult}f!)lexerf using 2 IH6216s. 
Since the 6216 is itself a 2 tier MUX, the system as shown is 
basically a 2 tier system. Corresponding output points of 
each of the 6216 are connected together, and the ENable 
input strobe is used as the A3 input. Since each output (pins 
2 and 28) corresponds to an "ON" FET and an "OFF" ; 
FET, the overall System looks like 1 "ON" FET and 3 
"OFF" FETs for each of the Vouti and Vout2 outputs. Thus 
the output leakage will be 1 iD(on) P'us 3 lD(off)S or about 
0.4nA at room temperature. Throughput speed will be 
typically Q.8ius for ton and 0.3/us for toff, with throughput 
channel resistance in the SOOiTZ area. 

DECODE TRUTH TABLE 



A3 


A2 


Ai 


Ao 


ON SWITCH 
















Sla 















S2a 















S3a 














S4a 







1 


0' . 





S5a 







1 







S6a 







1 







S7a 







1 






S8a 


V0UT1 













S9a 














31 Oa 














sua 













SI 2a 






1 








S13a 






1 







S14a 






1 




, 


SI 5a 






1 






SI 6a 





A3 


A2 


Ai 


Ao 


ON SWITCH 













d 


Slb 




P 





/ 




S2b 















S3b 














S4b 







1 








S5b 







1 


0. 




S6b 







1 







S7b 







1 






SSb 


y0UT2 













S9b 














SI Ob 














S11b 













S12b 






1 








S13b 






1 







S14b 






1 







SI 5b 






1 






S16b 





ri. = +5Vf vcc = fi 



=E>- 



I> 



iO- 



==--^ 



1 ' 4 



= -H5V» 



IHS043 I 

■D-Cv-, 



Ci 



rv. 



V£6 = -1SV* 

vcc = 'Wyf 



sir* , S24* S17b 



::: 






4 Vee = -1SV A 



::i 



Figure 8: 2 One of 64 Multiplexer Using 4 1H6216S and 2 IH5043S as Submultiplexers 
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IH6216 

Figure 7 shows the 2 of 32 MUX of Figure 6, with a third 
tier of submultiplexing added to further reduce leakage and 
output capacity. The I H 5043 has typical ON resistance of 
50f2 (max. is 7512) so it only increases throughput channel 
resistance from the 500 ohms of Figure 6 to about 550 
ohms for Figure 7. Throughput channel speed is a little 
slower by about 0.5/lis for both ON and OFF time, and 
output leakage is about 0.2nA. 

Figure 8 shows a 2 of 64 MUX using 3 tier MUXing 
(similar to Figure 7). The Intersil IH5043 Is used for the third 
tier of MUXing. Each Vout point will see 3 OFF channels and 
1 ON channel at anytime, so that the typical leakages will 
be about 0.4nA. Throughput channel resistance will be in 
the 550^2 area and throughput switching speeds about 
1.3/Lts for ON time and O.Sjus for OFF time. 

The IH5043 was chosen as the third tier of the MUX 
because it will switch the same AC signals as the IH6216 
(typically plus and minus 1 5V) and uses break before make 
switching. Also power supply quiescent currents are typical- 
ly 1-2/LiA so that no excessive system power is generated. 
Note that the logic of the 5043 is such that it can be tied 
directly to the ENable Input (as shown in the figures) with no 
extra logic being required. 

Enable input strobing ievels 

The ENable input acts as an enabling or disabling pin for 
the IH6216 when used as a 2 out of 16 channel MUX, 
however when expanding the MUX to more than 16 



X 



channels, the EN pin acts as another address input. Figures 
6 and 7 show the EN pin used as the A3 input. 

For the system to function properly the EN input (pin 1 8) 
must go to 5V ±5% for the high state and less than 0.8V for 
the low state. When using TTL logic, a pull-up of IklZ or 
less resistor should be used to pull the output voltage up to 
5V. When using CMOS logic, the high state goes to the 
power supply so no pull-up is required. 

If used on high voltage logic supplies, EN should be at 
least 0.7V below V + at all times. See IH6208 data sheet for 
details. 

APPLICATION NOTES 

Further Information may be found In: 

A003 "Understanding and Applying the Analog Switch," 

by Dave Fullagar 
A006 "A New CMOS Analog Gate Technology," by Dave 

Fullagar 
A020 "A Cookbook Approach to High Speed Data 

Acquisition and Microprocessor Interfacing," by Ed 

Slieger 
R009 "Reduce CMOS Multiplexer Troubles Through 

Proper Device Selection," by Dick Wilenken 

NOTE: This multiplexer does not require external resistors 
and/or diodes to eliminate what is commonly known 
as a latch up or SCR action. Because of this fact, the 
rDS(ON) oi the switch is maintained at specified 
values. 
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MM450/451/452/455 

MM550/551/552/555 

High Voltage Analog Switch 



GENERAL DESCRIPTION 

The MM450, and MM550 series each contain p channel 
MOS enhancement mode transistors. These devices are 
useful in airborne and ground support systems requiring 
multiplexing, analog transmission, and numerous signal 
routing applications. The use of low threshold transistors 
(VjH = 2 volts) permits operations with large analog input 
swings (±10 volts) at low gate voltages (-20 volts). 

Each gate input is protected from static charge build-up 
by the incorporation of zener diode protective devices 
connected between the gate Input and device bulk. 

ORDERING INFORMATION 



MM 



90 



" Package 



F — 14 Pin Flatpak 
J — 16 Pin CERDIP 
H — 10 Pin Metal Can 



" Device Type 

"Temperature Range 

4 — (-55°C to +125°C) 

5 — (0°C to 70°C) 

"Analog Switch 




FEATURES 

• Large Analog Input — ± 10V 

• Low Supply Voltage — Vbulk = + 10V 

Vgg = -20V 

• Typical ON Resistance — V|n = -10V, 150^ 

V|N = + 10V, 75^ 

• Low Leakage Current — 200pA @ 25''C 

• Input Gate Protection 



MM450, MM550 Dual 
Differential Switcli 



MM451, MM551 Four 
Channel 4PST Mux 
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OUTLINE DWG TO-100 
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Figure 1: Functional Diagram 
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MM450/451/452/455 
MM550/551/552/555 



ABSOLUTE MAXIMUM RATINGS (Note 1) 

Gate Voltage (Vqg) +1 4.5V to -30V Operating Temperature 

Bulk Voltage (Vbulk) + 14V MM450, MM451, MM452, MM455..-55°C to +125X 

Analog Input (V|n) +14V to -20V MM550, MM551, MM552, MM555 OX to 70X 

Power Dissipation 200mW Storage Temperature -65°C to +150°C 

Lead Temperature (Soldering, 10sec) 300°C 

NOTE 1: Dissipation rating assumes device is mounted with all leads welded or soldered to pnnted circuit board in ambient temperature below 70°C. For higher 
temperature, derate at rate of 10mW/°C for FD package and 6.5 mW/°C for TW package. 

Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to 
absolute maximum rating conditions for extended penods may affect device reliability. 

ELECTRICAL CHARACTERISTICS (per channel unless noted) 



SYMBOL 


CHARACTERISTIC 


TYPE 






LIMITS 


TEST CONDITIONS 


25X 


yo^'c 


125*'C 


MIN 


UNIT 


MAX 


V|N 


Analog Input Voltage 


All 




±10 






Max 


V 


VGS(Th) 


Threshold Voltage 


All 


Vdg = 
Id=10mA 


1.0 






Mm 


V 


3.0 






Max 


RdS(ON) 


Dram-Source On Resistance 


All 


V|N=-10V 


Id = 10mA 
Vb = 10V 
Vgs=-20V 


600 




700 


Max 


a 


V|N= +10V 


200 




250 


Max 


a 


Igbs 


Gate Leakage Current 


All 


Vgs=-25V, Vbs = Vds = 


±5 




100 


Max 


nA 


Id{Off) 


Drain Leakage Current 


MM450, MM451 
MM452. MM455 


Vdb = -25V 
Vgb = Vsb = o 


±0.5 




200 


Max 


nA 


MM550. MM551 
MM552, MM555 


20 


100 




Max 


nA 


IS(OFF) 


Source Leakage Current 


MM450, MM451 
MM452. MM455 


VsB=-25V 

Vdb = Vgb = 


±0.5 




400 


Max 


nA 


MM550, MM551 
MM552, MM555 




100 




Max 


nA 


Cdb 


Drain-Body Capacitance 


All 


Vdb = Vgb = Vsb = o 

f=1MHz 
(Note 1) 


10 






Typ 


PF 


Csb 


Source-Body Capacitance 


MM450, MM550 


14 






Typ 


PF 


MM451, MM551 


24 






Typ 


pF 


MM452, MM552 


11 






Typ 


pF 


MM455, MM555 


11 






Typ 


pF 


Cgb 


Gate-Body Capacitance 


MM450, MM550 


13 






TvP 


pF 


MM451, MM551 


8 






Typ 


pF 


MM452, MM552 


9 






Typ 


pF 


MM455. MM555 


9 






Typ 


pF 


Cgs 


Gate-Source Capacitance 


All 






5 






Typ 


pF 



NOTE 1: Typical characteristics not tested in production 

TYPICAL PERFORMANCE CHARACTERISTICS 
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Section 4 — Amplifiers — 
Operational and Special Purpose 




ICH8500/A 

Ultra Low Input-Bias 
Operational Amplifier 




GENERAL DESCRIPTION 

The ICM8500 and ICH8500A are hybrid circuits designed 
for ultra low input bias current operational amplifier applica- 
tions. They are ideally suited for analog and electrometer 
applications where high input resistance and low input 
current are of prime importance. 

Functionally, they are pin for pin identical to the popular 
741 monolithic amplifier. These amplifiers are uncondition- 
ally stable and the input offset voltage can be adjusted to 
zero with an external 20ki7 potentiometer. The input bias 
current for the inverting and noninverting inputs is 0.1 pA 
maximum for the ICH8500, and 0.01 pA maximum for the 
ICH8500A and are constant over the operating temperature 
range of -25**C to +85°C. 

Pin 8 is connected to the case. This permits the designer 
to operate the case at any desired potential. This is the key 
to achieving the ultra low input currents associated with 
these two amplifiers. Forcing the case to the same potential 
as the inputs eliminates current flow between the case and 
the input pins, and leakage currents that may have other- 
wise existed between any of the other pins and thq inputs 
are intercepted by the case. 



FEATURES 

• Input Diode Protection 

• input Bias Current Lees Than O.OlpA (8500A) at 
Ail Operating Temperatures 

• No Frequency Compensation Required 

• Offset Voltage Null Capability 

• Short Circuit Protection 

• Low Power Consumption 

APPLICATIONS 

• Femto Ammeter 

• Electrometers 

• Long Time integrators 

• Flame Detectors 

• pl4 Meters 

• Proximity Detector 

• Sample and Hold Circuits 

ORDERING INFORMATION 



ICH 



8500A 


TV 

















PACKAGE 
TV-TO-99 Metal Can 

DEVJCE TYPE 

INTERSIL HYBRID 
■CtRCUIT 




h 



d 



h 



lOOpF 





Figure 1: Functional Diagram 



Figure 2: Pin Configuration 
(Outline dwg TV) 
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I ICH8500/A 

O 

g ABSOLUTE MAXIMUM RATINGS 

O 

— Supply Voltage ±18V 

Internal Power Dissipation (1) 500mW 

Differential Voltage ±0.5V 

Storage Temperature -65X to +150X 



Operating Temperature -25°C to +85X 

Lead Temperature (Soldering, 10sec) ...300°C 

Output Short Circuit Duration Indefinite 



Note: 1. Rating applies for ambient temperature to +70°C 

NOTE: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent device failure. These are stress ratings only and functional 
operation of the devices at these or any other conditions above those indicated in the operation sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for e)^ended periods may cause device failures. 

ELECTRICAL CHARACTERISTICS (Ta = 25X unless othenvlse specified, VsuPPLY = ±15V) 



SYMBOL 


CHARACTERISTICS 


TEST 
CONDITIONS 


ICH8500 


ICH8500A 


UNIT 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


•bias 


Input Bias Current 


Case at same 
potential as inputs 






±0.1 






±0.01 


pA 


vos 


Input Offset Voltage 








±75 






±50 


mV 




Offset Voltage Adjustment Range 


20ka Potentiometer 




±50 






±50 




mV 


AVos/AT 


Change in Input Offset ' 
Voltage Over Temperature 


+ 25 to +85°C 
-25 to +25°C 




±200 






±100 




mV 


AVos/At 


Long Term Input Offset 
Voltage Stability 


At 25°C 




±3.0 






±3.0 




mV 


CMRR 


Common Mode Rejection Ratio 


±5 volts common 
mode voltage 




75 






75 




dB 


AVo 


Output Voltage Swing 


RL>10kJ2 


±11 






±11 






V 


CMVR 


Common Mode Voltage Range 




±10 






±10 






V 


AVOL 


Large Signal Voltage Gain 




20.000 


105 




20,000 


105 




— 


Cfb 


Feedbacl< Capacitance 


Case guarded 




0.1 






0.1 




PF 


SR 


Slew Rate 


Rl > 2kn 




0.5 






0.5 




V//US 


C|N 


Input Capacitance 


Case guarded 




0.7 






0.7 




pF 


C|N 


Input Capacitance 


Case grounded 




1.5 






1.5 




pF 



VOLTAGE OFFSET NULL CIRCUIT 



VOLTAGE FOLLOWER 



LOW LEVEL CURRENT MEASURING 
CIRCUIT 





NOTE: Adjust input offset voltage to 0V±10/uV before measuring leakage. 

Figure 3: Circuit Notes 




OUTPUT 

Vo = 1 VOLT/pA 

= 1012, liN 
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ICH8500/A 

TYPICAL PERFORMANCE CHARACTERISTICS 
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o APPLICATIONS 
o The Pico Amrrteter 

A very sensitive pico ammeter can be constructed with 
the ICH8500. The basic circuit (illustrated in Figure 4) 
employs the amplifier in the inverting or current summing 
mode. 

Care must be taken to eliminate any stray currents from 
flowing into the current summing node. This can be 
accomplished by forcing all points surrounding the input to 
the same potential as the input. In this case the potential of 
the input is at virtual ground, or OV. Therefore, the case of 
the device is grounded to intercept any stray leakage 



currents that may otherwise exist between the +15V input 
te^rminals. and the inverting input summing junctions. Feed- 
back capacitance* should be kept to a minihiurn in order to 
maximize the response time of the circuit to step function 
input currents. The time constant of the circuit is approxi- 
mately the product of the feedback capacitance Cfb times 
the feedback resistor Rfb- For instance, the time constant of 
the circuit in Figure 4 is 1 sec if Cfb = 1 pF. Thus, it takes 
approximately 5 sec (6 time constants) for the circuit to 
stabilize to within 1 % of its final output voltage after a step 
function of input current has been applied. Cfb of less than 
0.2 to 0.3pF can be achieved with proper circuit layout. A 
practical pico ammeter circuit is illustrated in Figure 5. 
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Figure 4: Basic Pico Ammeter Circuit 
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Figure 5: Pico Ammeter Circuit 
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Figure 6: Sample and Hold Circuit or Integrator Circuit 



The internal diodes CR1 and CR2 together with external 
resistor R1 protect the input stage of the amplifier from 
voltage transients. The two diodes contribute no error 
currents, since under normal operating conditions there is 
no voltage across them. 

Feedback capacitance is the capacitance between the output and the 
inverting input terminal of the amplifier. 

Sample and Hold Circuit 

The basic principle of this circuit (Figure 6) is to rapidly 
charge a capacitor Csto to ^ voltage equal to an input 
signal. The Input signal is then electrically disconnected 
from the capacitor with the charge still remaining on CstO- 
Since Csto 's in the negative feedback loop of the 
operational amplifier, the output voltage of the amplifier is 
equal to the voltage across the capacitor. Ideally, the 
voltage across Csto should remain constant, causing the 
output of the amplifier to remain constant as well. However, 
the voltage across Csto will decay at a rate proportional to 
the current being injected or taken out of the current 
summing node of the amplifier. This current can come from 
four sources: leakage resistance of Csto. leakage current 
due to the solid state switch SW2, currents due to high 
resistance paths on the circuit fixture, and most important, 
bias current of the operational amplifier. If the ICH8500A 
operational amplifier is employed, this bias current is almost 
non-existant (<0.01pA). Note that the voltages on the 



source, drain and gate of switch SW2 are zero or near zero 
when the circuit is in the hold mode. Careful construction 
will eliminate stray resistance paths and capacitor resis- 
tance can be eliminated if a quality capacitor is selected. 
The net result is a low drift sample and hold circuit. 

As an example, suppose the leakage current due to all 
sources flowing into the current summing node of the 
sample and hold circuit is 100pA. The rate of change of the 
voltage across the 0.01 juF storage capacitor is then 10mV/ 
sec. In contrast, if an operational amplifier which exhibited 
an input bias current of 1nA were employed, the rate of 
change of the voltage across Csto would be 0.1 V/sec, An 
error build up such as this could not be tolerated in most 
applications. 

Wave forms illustrating the operation of the sample and 
hold circuit are shown in Figure 7. 

The Gated Integrator 

The circuit in Figure 6 can double as an integrator. In this 
application the input voltage Is applied to the integrator 
input terminal. The time constant of the circuit is the product 
of R1 and Csto- Because of the low leakage current 
associated with the ICH8500 and ICH8500A, very large 
values of R1 (Up to 10^^ ohms) can be employed. This 
permits the use of small values of integrating capacitor 
(Csto) "" applications that require long time delays. Wave- 
forms for the integrator circuit are illustrated in Figure 8. 
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Figure 7: Sample and Hold 
Circuit Waveforms 
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Figure 8: Gated Integrator Waveforms 
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ICH8510/8520/8530 

Power Operational 
Amplifier 

GENERAL DESCRIPTION 

The ICH851 0/8520/8530 is a family of hybrid power 
amplifiers that have been specifically designed to drive 
linear and rotary actuators, electronic valves, push-pull 
solenoids, and DC & AC motors. 

There are three models available for up to + 30V power 
supply operation: 2.7 amps @ 24 volt output levels, 2 amps 
@ 24V and 1 amp @ 24V. All amplifiers are protected 
against shorts to ground by the addition of 2 external 
protection resistors. For a device operating at lower volt- 
ages, see the ICH8515 data sheet. 

The design uses a conventional 741 operational amplifi- 
er, a special monolithic driver chip (BL8063), NPN & PNP 
power transistors, and internal frequency compensating 
capacitors. The chips are mounted on a beryllium oxide 
substrate for optimum heat transfer to the metal package. 
This substrate also provides electrical isolation between 
amplifiers and metal package. 

The I.e. power driver chip has built-in regulators that 
provide the 741 with typically a ±13V supply. 

ORDERING INFORMATION 

ICH85X0 M KA 




L« 



FEATURES 



24-28V DC (30V 



Delivers Up to 2.7 Amps 

Supplies) 

Protected Against Inductive Kicl( Back With 

Internal Power Limiting 

Programmable Current Limiting (Short Circuit 

Protection) 

Pacicage is Electrically Isolated (Allowing Easy 

Heat SInlcing) 

Open Loop DC Gain > lOOdB 

20mA Typical Standy Quiescent Current 

Popular 8 Pin TO-3 Pacicage 

Internal Frequency Compensation 

Can Drive Up to 0.1 Horsepower Motors 



00 

in 



(n 

o 

m 
PI 
c» 

o 



" Package 

KA - 8 lead TO-3 can 

"Temperature Range 

M = Military -55°C to + 125"C 
I = Industrial -20°C to +85°C 

"Basic Part Number 
8510 = 1A output 
8520 = 2A output 
8530 = 2.7A output 





(TOP VIEW) 




Figure 1: Functional Diagranfi 



Figure 2: Pin Configuration 
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I ICSN^IO/f $20/8530 



§ AfeSOLUte MAXIMUM RATINGS @ Ta = 25°c 

g Supply Voltage... ±32V 

^ Power Dissipation, Safe Operating Area See Curves 

Differential Input Voltage ±30V 

Input Voltage ±15V (Note 1) 

Peak Output Cul^rent See Curves (Note 2) 

Output ^hort Circuit Duration 
(to ground) Continuous (Note 2) 

Note is Rating applies to supply voltages of ±15V. For lower supply voltages, V|nmax " Vsupp- 

Note 2: Ratings apply as long as package dissipation is not exceeded. Device must be mounted on heat sink, see Figures 12 and 16. 

Stre«i©6 above those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings only, and functional 

op^lWIon of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to 

absolute maximum rating conditions for extended periods may affect device reliability. - 



Operating Temperature Range M -55°C -. +125°C 

I --20°C ^ +85°C 

Storage Temperature Range - 65°C to + 1 5Q°C 

Lead Temperature (Soldering, 10sec) 300°C 

Max Case Temperature 150°C 



ELECTRICAL CHARACTERISTICS 


Ta 


- 


+ 25X. VsuPPLY = ± 


30V (unless otherwise stated) 






SYMBOL 


DESCR#TI0N 


TESt 
COMDITIONS 


ICH85101 


ICH8510M 1 


ICH85201 1 


ICH8520M 


ICH65301 


ICH85^0M 


UNIT 


mu 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


AVos/APd 


Input Offset Voltage 
Change with 
Power Dissipation 


Mtd on Wakefield 
403 Heat Sink 




4 

(Typ.) 




2 
(Typ.) 




4 
(Typ.) 




2 

(Typ.) 




(Typ) 




2 
(Typ.) 


mV/W 


vos 


Input Offset Voltage 


Rs < 10kJ2 
Pd<1W 


-6 


+ 6 


-3 


+ 3 


-6 


+ 6 


-3 


+ 3 


-6 


+ 6 


-3 


+ 3 


mV 


IBIAS 


Input Bias Current 


Rs < 10kJ2 
Pd<lW 




500 




250 




500 




250 




500 




250 


nA 


Ids 


Input Offset Current 


Rs < 10kn 
Pd < 1W / 




200 




100 




200 




100 




200 




106 


nA 


AVOL 


Urge Signal 
Voltage Gain 


RL-20n 

Vo > 2/3 VsuPP 


100 
(Typ.) 




100 

(Typ.) 




100 

(Typ.) 




100 
(Typ) 




100 
(Typ.) 




100 

(Typ.) 




dB 


VCMR 


Input Voltage Range 


Typical 


-10 


+ 10 


-10 


+ 10 


-10 


+ 10 


-10 


+ 10 


-10 


+ 10 


-10 


+ 10 


V 


CMRR 


Common Mode 
Rejction Ratio 


Rs = 10kS2 


70 ' 
(Typ.) 




70 

(Typ.) 




70 

(Typ.) 




70 

(Typ) 




7p 

(Typ.) 




70 

(Typ.) 




dB 


PSRR 


Power Supply 
Rejection Ratio 


Rs = 10kn 


77 

(Typ) 




77 

(Typ.) 




77 

(Typ) 




77 

(Typ.) 




77 

(Typ) 




77 

(Typ) 




dB 


SR 


Slew Rate 


CL-3pF, Av-1 
RL-10n 
Vo-2/3 VsuPP 


0.5 
(Typ.) 




0.5 

(Typ.) 




05 

(Typ) 




0.5 

(Typ) 




0.5 
(Typ) 




05 

(Typ.) 




V/MS 


Vqmax 


Output Voltage Swing 


RL-20f2 
Av=*10 


(RL = 30n) 
±26V 




(RL = 30n 
+ 26V 




±26V 




±26V 




±25V 




±25V 




V 


'max 


Output Current (3) 


RL«8n 
Av"10 


1.0 




1.0 




20 




20 




27 




27 




A 


IQ 


Power Supply 
Quiescent Current 


Rl-x 

V,N«OV 




125 




100 




125 




100 




125 




100 


mA . 


NOTE 2: Se» Figure 7 if Power Suplies are less than +30V . 

ELECTRICAL SPECIFICATIONS Ta- -55°c. to +125X.(M) or Ta= -20°c. to +85°c (i). 


SYMBOL 


DESCRIPTION 


TEST 
CONDITIONS 


ICH85101 


ICH85ipM 


ICH85201 


ICH8520M 


ICH65301 


ICH8530M 


UNIT 


MIN 


MAX 


MIN 


HjlAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


Vos 


Input Offset Voltage 


Ptf<1W 


-10 


+ 10 


-9 


+ 9 


-10 


+ 10 


-9 


+ 9 


-10 


+ 10 


-9 


+ 9 


MV 


IBIAS 


Input Bias Current 


Pd<1W 




1500 




750 


' 


1500 




750 




1560 




750 


nA 


lOS 


Input Offset Current 






500 




200 




500 




200 




500 




200 


nA 


AvOL 


Large Signal 
Voltage Gain 


RL-20n , 
AVo * 2/3 VsuPP 


90 

(Typ.) 




90 

(Typ.) 




90 

(Typ.) 




90 

(Typ) 




90 

(Typ.) 




90 
(Typ.) 




dB 


Vqmax 


Output Voltage Syvtng 


RL = 20Ji, Av = 10 


±24 




±24 




±24 




±24 




±24 




±24 




V 


RftJA 


Thermal Resistan6e 
Junction to Ambient 


Without 
Heat Sink 




40 

(Typ.) 




40 




40 




40 




40 




40 


"C/W 


R0JC 


Junction to Case 






2.5 

(Typ.) 




2.5 

(Typ) 




2.5 

(Typ.) 




2.5 

(Typ.) 




25 

(Typ) 




2.5 

(Typ) 


°C/W 


RflJA 


Thermal Resistance 
Junction to Ambient 


Mtd on Wakefield 
403 Heat Sink 




(Typ.) 

4.0 




(Typ.) 
4.0 




(Typ.) 

4.0 




(Typ.) 

4.0 




(Typ.) 

40 




(Typ) 

40 


X/W 


v^^PP 


Supply, voltage Range 




±20 


±30 


±20 


±30 


±20 


±30 


±20 


±30 


±20 


±30 


±20 


±30 


V 
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How To Set The Externally Programmable, 
Current Limiting Resistors: 

The maximum output current is set by the addition of two 
external resistors, Rsc( + ) and RsC(-)- Due to the current 
limiting circuitry, maximum output current is available only 
when Vo is close to either power supply. As Vq moves 
away from VsuPPLY. the maximum output current de- 
creases in proportion to output voltage. The curve on the 
next page shows maximum output current versus output 
voltage. 





Figure 3: Maximum Output Current 
for Given Rsc 



In general, for a given Vq, Isc •i'T^'t and case temperature 
Tc, Rsc can be calculated from the equation below for Vq 
positive, I OUT positive. 

(2O.6V0)* + 680 - 2.2(Tc - 25°C) 

RSC= : 

ISC(LIMIT) 

*For Vq negative, replace this term with 10.3 (Vq- 1-2) 

For example, for Iq = 1 .5A @ Vq = 25V and Tc = 25°C, 

1195 

Rsc = :;7;;r = 0.797 

1500 

Therefore for this application, Rsc = 0-82^ (closest 
standard value) 

When 0.Q2Q. is used, Isc @ Vq = OV will be reduced to 
about 1 A. Except for small changes in the "±Vo(max) Limit" 
area, the effects of changing Rsc on the Iqut vs Vqut 
characteristics can be determined by merely changing the 
Iqut scale on Figure 3 to correspond to the new value. 
Changes in Tc move the limit curve bodily up and down. 

This internal current limiting circuitry however does not at 
all restrict the normal use of the driver. For any normal load, 
the static load line will be similar to that shown in Figure 3. 



Clearly, as Vq decreases, the Iq requirement falls also, 
more steeply than the Iq available. F^or reactive loads, the 
dynamic load lines are more complex. Two typical operating 
point loci are sketched here: 




Figure 4: Capacitive Load 
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Thus the limiting circuitry protects the load and avoids 
needless damage to the driver during abnormal conditions. 
For any 24-28VDC motor/actuator, the Rsc resistors must 
be calculated to get proper power delivered to the motor (up 
to a maximum of 2.7A) and VsuPP set at ±30V. For lower 
supply and/or output voltages, ^he maximum output current 
will follow graphs. 




NOTE ON AI\MPLIFfER POWER DISSIPATION 

The steady state power dissipation limit is given by 

Tj(MAX)-Ta 



Pd = 



R^JC + R0CH + R^HA 



where: 

Tj = Maximum junction temperature 

Ta = Ambient temperature 

R0 JC = Thermal resistance from transistor junction to case 
of package 

R^CH = Ther-mal resistance from case to heat sink 

R0HA= Thermal resistance from heat sink to ambient air 

And since 

Tj = 200°C for silicon transistors 

R^JC - 2.0°C/W^or a steel bottom TO-3 package with die 
attactiment to beryllia substrate header 

R(?CH = .045°C/W for 1 mil thickness of Wakefield type 120 
thermal joint compound 
.09°C/W for 2 mil thickness of type 120 
.13°C/W for 3 mil thickness of type 120 
.17°C/W for 4 mil thickness for type 120 
.2rC/W for 5 mil thickness of type 120 
.24°C/W for 6 mil thickness of type 120 
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I^H8510/6520/8530 

R^HA= The choice of heat sink that a user selects 
depends upon the amount of room available to 
mount the heat sink. A sample calculation follows: 
by choosing a Wakefield 403 heat sink, with free 
air, natural convection (no fan). R^ha — 2.0''C/W. 
Using 4 mil joint compound, 

200**C-Ta aOO'^C-TA 

Pd 

(2.0 + 0.17 + 2.0rC/W 4.17X/W 



TYPICAL PERFORMANCE CHARACTERISTICS 



or @ Ta * 25°C, 



200°C-25^C 



4.17°C/W 
and @ Ta = 125°C, 

200^*0 -125X 



= 42W 



4.17'C/W 



= 18W 



From Figure 6 the worst case steady state power 
dissipation for an IH8620 (R$c = 0.62^) is about 30W and 
18W respectively. Thus this heat sink is adequate. 



TcASE 25° C 
Vcc 




For ICH 8520. mulUply 
louT by 0.67 
Rsc - 0.«<1 

For ICH 8510, multtpiy 
louT by 0.33 
Rsc = 1.2n 
Sourc* CumnI 
only i* thown. 
Sink Current 
it idantical with 



BclwMn Curves 
with Tenip. 



-30 -25 -20 -15 -10 -5 



5 10 15 20 25 30V VouT 



ICH 8530 
TcASE 125" C 
Vcc 




Safe Operating Area; Iqut vs Vqut vs Tc 





0.4(1 ^ > ion 



*S*t switch on Vin to get dostrtd Powtr Diss., thon 
switch to Gnd. to read offset (Vout = 11 x Voftset) 



Input Offset Voltage vs Power Dissipation 
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ICHd510/8520/8530 

TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 
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Quiescent Current vs Power Supply Voltage 
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Large Signal Power Bandwidth 
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Max. Output Currant (Artips) @ Vout = ±24V 

((t200niV)+(2.2 mv)(2S*C-Tc)] 




H 1 1 1 1 1 1 »► 

-2S +2S +S0 +7S ^100 +12S 

€••• T«mp. (Tc) rC) 

SC0076( 

Figure 6: Maximum Output Current 
vs. Case Temperature 
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Tc = 25-C 

Rsc=o.3»a 




-j ^ ±VccVoM. 



±15 ±20 ±25 ±30 



Figure 7: IMaximum Output Current 
vs. VsuPPLY 



APPLICATION NOTES 

The maximum input voltage range, for VsuPPl^Y < ±15V, 
is substantially less than the available output voltage swing. 
Thus non-Inverting amplifiers, as in Figure 8, should always 
be set up with a gain greater than about 2.5, (with ±30V 
supplies), so that the full output swing is available without 
hazard to the input. At first sight, it would seem that no 
restrictions would apply to inverting amplifiers, since the 
inputs are virtual ground and ground. However, under fault 
(output short-circuited) or high slew conditions, the input 
can be substantially removed from ground. Thus for invert- 
ing amplifiers with gains less than about 5, some protection 
should be provided at this input. A suitable resistor from the 
input to ground will provide protection, but also increases 
the effect of input offset voltage at the output. A pair of 
diodes, as shown in Figure 10, has no effect on normal 
operation, but gives excellent protection. 




Figure 8: Non-Inverting Amplifier 
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Figure 9: 


DS02030I 

Inverting Amplifier 



Power dissipation is another important parameter to 
consider. The current protection circuit protects the device 
against short circuits to ground, (but only for transients to 
the opposite supply) provided the device has adequate heat 
sinking. A curve of power dissipation vs Vq under short 
circuit conditions is given in Figure 1 0. The limiting circuit is 
more closely dependent on case temperature than (output 
transistor) junction temperatures. Although these operating 
conditions are unlikely to be attained in actual use, they do 
represent the limiting case a heat sink must cope with. For a 
fully siafe design, the anticipated range of Vq values that 
could occur, (steady state, including faults) should be 
examined for the highest power dissipation, and the device 
provided with a heat sink that will keep the junction 
temperature below 200°C and the case temperature below 
1 50°C with the worst case ambient temperature expected. 



Source diMction shown 




-VouraOV 25V 20V ISV lOV SV O 5V 10V 15V 20V 25V 30V i^Vout 



Figure 10: Power Dissipation under Short 
Circuit Conditions 
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ICH8510/8520/8530 

TYPICAL APPLICATIONS 

Actuator Driving Circuit (24-^28 VDC rated) 



Obtaining Up To 5 Amps Output Current 
Capability By Paralleling Amplifiers 




Figure 11: Power Amp Driving Actuator 



The gain of the circuit is set to +10, so a V|n = +2.4V 
will produce a +24V output (and deliver up to 2.7 amps 
output current). To reverse the piston travel, invert V|n to 
-2.4V and Vqut will go to -24V. Diodes D1 and D2 absorb 
the inductive kick of the motor during transients (turn-on or 
turn-off); their breakdown should exceed 60V. 
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Figure 12: Paralleling Power Amps 
for Increased Current Capability 
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Driving A 48VDC Motor 



This paralleling procedure can be repeated to get any 
desired output current. However, care must be taken to 
provide sufficient load to avoid the amplifiers pulling against 
each other. 



AViN - «^24V 
OfMV 



■=• +30V 

6 




Figure 13: Power Amp Driving 48 VDC Motor 
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Precise Rate Control of an Electronic 
Valve 

There are two methods to get very fine control of the 
opening of an orifice driven by an electronic valve. 

1. Keep the voltage constant, i.e., 24VDC or 12VDC, 
and vary the time the voltage is applied, i.e., if it 
takes five seconds to completely open an orifice at 
24VDC, then applying 24V for only 2V2 seconds 
opens it only 50%. 

2. Simply vary the DC driving voltage to valve. Most 
valves obtain full opening as an inverse of applied 
voltage, i.e., valves open 100% in five seconds at 
24VDC and In 10 seconds at 12VDC. 

A circuit to perform the second method is shown below; 
the advantage of this is that digit switches can precisely set 
driving voltage to 0.2% accuracy (8-bit DAC), thereby 
controlling the rate at which the valve opens. 



The circuit presented in Figure 14 is also an excellent ! 
way to get a precise power supply voltage; in fact, it is 
possible to build a precision variable power supply using a 
BCD coded DAC with BCD Thumbwheel switches. 

There is great power available in the sub-systems shown 
in Figures 14 & 15; there the D/A converter is shown being 
set manually (via digit switches) to get a precise analog 
output (binary # x full scale voltage), then the driver 
amplifier multiplies this voltage to produce the final output 
voltage. It seems obvious that the next logical step is to let 
a microprocessor control the D/A converter. Then total, 
pre-programmable, electronic control of an actuator, elec- 
tronic valve, motor, etc., is obtained. This would be used in 
conjunction with a transducer/multiplex system for elec- 
tronic monitoring and control of any electromechanical 
function. 



D/A converter 

I I-15VI I 



-AAAr- 
10K 



" © © 







electronic valve 



Figure 14: Digitally Controlled Electronic Value 
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en 

10 

o 
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o 



/" 
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-AAA^ 



•=■ unragiilal 



f Mlt" 




-30V— 35V u 
' \^ — j ^ *«'•■• • ••• *y ***• *"*• can (telivcr up to 3 amp*. 

2O 2I 2^ 2^ 2^ 2^ 2^ t' BIT Vout 



1 


1 


1 


1 


1 


1 


1 


1 


1 


+ 25VDC 


1 


1 


1 


1 


1 


1 


1 


1 





- 25VDC 





1 





1 


1 








1 


1 


+ 15VDC 





1 





1 


1 








1 





-15VDC 


1 























1 


+ 0.098VDC 


1 


























-0.098VDC 



The power supply can be set set to +0.1VDC. 

Figure 15: Digitally Programmable Power Supply 



HEAT SINK INFORMATION 

Heat sinks are available from Intersil. Order part number 
29-0305 ($10.00 ea.) with a R0ha = 1.3°C/watt. A conve- 
nient mating connector is also available. Order part number 
29-0306 ($4.50 ea.): 

Note: This product contains Beryllia. If used in an application where the 
package integnty may be breached and the internal parts crushed or 
machined, avoid inhalation of the dust. 

APPLICATION NOTES 

For Further Applications Assistance, See: 

A021 "Power D/A Converters Using The ICH8510/20/ 

30," by Dick Wilenken 
A026 "DC Servo Motor Systems Using The ICH8510/20/ 

30," by Ken McAllister 
A029 "Power Op Amp Heat Sink Kit," by Skip Osgood 
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I ICHdSIS 

|g Power Operational 
;^ Amplifier 




GENERAL DESCRIPTION 

The ICH8515 is a hybrid power amplifier specifically 
designed to drive linear and rotary actuators, electronic 
valves, push-pull solenoids, and DC & AC motors. 

The design uses a conventional 741 operational amplifi- 
er, a special monolithic driver chip (BL8063), NPN & PNP 
power transistors, and an internal frequency compensating 
capacitor. The chips are mounted on a beryllium oxide 
substrate, for optimum heat transfer to the metal package. 
This substrate provides electrical isolation between the 
amplifier and the metal package. 

The 8515 has special SOA (safe operating area) circuitry 
which allows it to withstand a direct short to ground or to 
either supply indefinitely. It has been designed to operate 
with ± 1 2 or ± 1 5VDC supplies and will deliver typically 1 .5 to 
1.8A % +13V out using ±15V supplies. 

Internal frequency compensation provldieS stability down 
to unity gain (either inverting or noninverting) even when 
using inductive loads. 

ORDERING INFORMATION 



FEATURES 

• Delivers Up to 1.5 Amps @ +12VDC (±15VDC 
Supplies) 

• Protected Against Inductive Kick Back By 
Ihternal Power Limiting 

• Programmable Current Limiting (Short Circuit 
Protection) 

• Package Is Electrically Isolated (Allowing Easy 
i-ieat Sinking) 

• Open Loop DC Gain > lOOdB 

• Popular 8 Pin TO-3 Package 

• Internal Frequency Compensation 

• Can Drive Up to 0.033 Horsepower l\/lotors 

• Pin Equivalent to ICH8510/20/30 Family 



PART NUIUIBER 


OUTPUT CURRENT 


TEMPERATURE 


PACKAGE 


ICH8515MKA 


1.5A 


-55''C to +125''C 


8-Lead TO-3 


ICH8515IKA 


1.25A 


-25*'C to +85X 


8-Lead TO-3 



r^^ 




« ^AAr-i-<>RSC 



6 ■=■ 

■oVouT 







Figure 1: Functional Diagram 



Figure 2: Pin 

Configuration 

(Outline dwg KA) 
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ICH8515 

ABSOLUTE MAXIMUM RATINGS @ Ta = 25°c 

Supply Voltage ±18V 

Power Dissipation, Safe Operating Area See Curves 

Differential Input Voltage ±30V 

Input Voltage ±15V (Note 1) 

Peak Output Current See Curves (Note 2) 

Output Short Circuit Duration 
(to ground) Continuous (Note 2) 

Note 1: Rating applies to supply voltages of ±15V. For lower supply voltages, Vinmax = VsuPPLY- 

Note 2: Rating applies as long as package dissipation is not exceeded for heat sink attached. 

Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings only, and functional 

operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to 

absolute maximum rating conditions for extended periods may affect device reliability. 

ELECTRICAL CHARACTERISTICS 

OPERATING CHARACTERISTICS Ta= +25°C. Vsupply = ±15V (unless othenvise stated) 



Operating Temperature Range M -55°C to +125°C 

I -25°C to +85°C 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering, 10sec) 300°C 

Max Case Temperature 150°C 



00 
01 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


ICH8515I 


ICH8515M 


UNIT 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


AVos/APd 


Input Offset Voltage 
Change with 
Power Dissipation 


Mtd. on Wakefield 
403 Heat Sink 






4 

(Typ.) 






2 

(Typ.) 


mV/W 


Vqs 


Input Offset Voltage 


Rs<10k^, Pd<1W 


-6 


1 


6 


-3 


0.7 


3 


mV 


Ibias 


Input Bias Current 


Rs<10ka Pd< 1W 






500 






250 


nA 


IQS 


Input Offset Current 


Rs<10kfi, Pd< 1W 






200 






100 


nA 


AvOL 


Large Signal Voltage Gam 


RL=10a 

Vo > 2/3 VsuPPLY 


100 

(Typ.) 






100 

(Typ.) 






dB 


VCMR 


Input Voltage Range 


Typical 


-10 




+ 10 


-10 




+ 10 


V 


CMRR 


Common Mode 
Rejection Ratio 


Rs=10kn 


70 

(Typ.) 






70 

(Typ.) 






dB 


PSRR 


Power Supply 
Rejection Ratio 


Rs = 10J2 


77 

(Typ.) 






77 

(Typ.) 






dB 


SR 


Slew Rate 


CL = 30pF, Av = 1. 

RL = 10n 

Vo > 2/3 VsuPP 


0.5 
(Typ.) 






0.6 
(Typ.) 






V/jUS 


AVo 


Output Voltage Swing 


RL-10fi, Av = 10 


±12 






±12 






V 


lo 


Output Current 


RL = 5n, Av=10 


±1.25 


1.4 




±1.5 


1.8 




A 


IQ 


Power Supply 
Quiescent Current 


Rl = oo, V|n = OV 




80 


125 




70 


100 


mA 


OPERATING CHARACTERISTICS (continued) Ta= -SS^'C to +125X (M) or Ta= -25X to +85X (1). 


Vos 


Input Offset Voltage 


Pd<1W 


-10 




+ 10 


-9 




+ 9 


mV 


■bias 


Input Bias Current 


Pd<1W 






1500 






750 


nA 


Ids 


Input Offset Current 








500 






200 


nA 


AvOL 


Large Signal Voltage Gam 


RL=10a 

AVo = 2/3 VsuPPLY 


90 
(Typ.) 






90 

(Typ.) 






dB 


AVo 


Output Voltage Swing 


RL = 10!f2, Av=10 


±10 






±10 






V 


R0JA 


Thermal Resistance 
Junction to Ambient 


Without Heat Sink 






40 

(Typ.) 






40 

(Typ.) 


X/W 


RflJC 


Thermal Resistance 
Junction to Case 








3.0 
(Typ.) 






3.0 

(Typ.) 


°C/W 


R0JA 


Thermal Resistance 
Junction to Ambient 


Mtd. on Wakefield 
403 Heat Sink 




4.5 

(Typ.) 






4.5 

(Typ.) 




°C/W 


VSUPPLY 


Supply Voltage Range 




±11 




±17 


±11 




±17 


V 
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I ICH8515 

m 

X 

O How To Set The Externally Programmable, 
Current Limiting Resistors: 

The maximum output current is set by the addition of two 
external resistors. Rsc( + ) and Rsc{-)- Because of the 
internal power limiting circuitry, the maximum output current 
is available only when Vq is close to either power supply. As 
Vo moves away from VsuPPLY. the maximum output 
current decreases in proportion to output voltage. The 
curve below shows maximum output current versus output 
voltage. 



RSC " 0.6211 SW 
Tc = 25»C 
VsuPP = 115V 



C»BCUV]f 



coSSS^^**'" 





"SC 
' VOUT 



Figure 3: Maximum Output Current 
for Given Rsc 



In general, for a given Vq, Isc '"T^'t and case temperature 
Tc. *^SC can be calculated from the equation below for Vq 
positive, Iqut positive. 

(20.6Vo)* + 680 - 2.2(Tc - 25X) 

Rsc = T- : ;— " 

'SC (limit) in mA 

*For Vo negative, replace this term with 10.3 (Vo-1.2) 

For example, for Iq = 1 .5A @ Vq = 12V and Tc = 

(20.6)(12) + 680 927.2 



25''C, 



RSC = " 



1500 



1500 



= .618^ 



Therefore for this application, Rsc == -62^ (closest stan- 
dard value). 

When 0.620 is used, !sc @ Vq = OV will be reduced to 
about 1 A. Except for small changes in the "±Vo(max) Limit" 
area, the effects of changing Rsc on the Iqut vs Vqut 
characteristics can be determined by merely changing the 
Iqut scale on Figure 3 to correspond to the new value. 
Changes in Tc move the limit curve bodily up and down. 



This internal power limiting circuitry however does not at 
all restrict the normal use of the driver. For any normal load, 
the static load line will be similar to that shown in Figure 3. 
Clearly, as Vq decreases, the Iq requirement falls also, 
more steeply than the Iq available. For reactive loads, the 
dynamic load lines are more complex. Two typical operating 
point loci are sketched here: 




Figure 4: Capacitive Load 






u^ 



Figure 5: Inductive Load (Note catch diode) 



Thus the limiting circuitry protects the load and avoids 
needless damage to the driver during abnormal conditions. 
For any 12VDC motor/actuator, the Rsc resistors must be 
calculated to get proper power delivered to the motor (up to 
a maximum of 1.5 amps) and VsuPP set at ± 15V. For lower 
supply and/or output voltages, the maximum output current 
will follow graphs of Figures 3 and 13. 

NOTE ON AMPLIFIER POWER DISSIPATION 

The steady state power dissipation limit is given by 



Pd = 



Tj(MAX)-Ta 
R0JC + R0CH + R0HA 



where 
Ta = 

R0jc = 



Maximum junction temperature 

Ambient temperature 

Thermal resistance from transistor junction to case 

of package 

R^CH - Thermal resistance from case to heat sink 
R^HA = Thermal resistance from heat sink to ambient air 
And since 

Tj = 150X for silicon transistors 
R0JC ~ 2.0C/WATT for a steel bottom TO-3 package with 

die attachment to beryllia substrate header 
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ICH8515 



R^HA' 



R^H = .045**C/W for 1 mil thickness of Wakefield type 120 
thermal joint compound 
.09**C/W for 2 mil thickness of type 120 
.13°C/W for 3 mil thickness of type 120 
.17X/W for 4 mil thickness for type 120 
.21X/W for 5 mil thickness of type 120 
.24°C/W for 6 mil thickness of type 120 
The choice of heat sink that a user selects 
depends upon the amount of room available to 
mount the heat sink. A sample calculation follows: 
by choosing a Wakefield 403 heait sink, with free 
air, natural convection (no fan). R^ha — 2.0*C/W. 
Using 4 mil joint compound, 

150°C~Ta 
4.17°C/W 



30W 



O 

X 
00 







150^C- 
Pn ~ 


-Ta 




''' 2.0* + 0.17** + 2.0 


or 


@ Ta = 


- 25*»C, 








150°C- 


25°C 






4.17X/W 


and @ Tfi 


^=125°C, 








ISO^'C- 


125X 



4.17X/W 



= 6W 



From Figure 6 the worst case steady state power 
dissipation for the IH8515 (Rsc = 0.62^) is about 15W and 
11W respectively. Thus this heat sink is adequate. 



Rsc 0.62! 2 
Tc 25 C 
VsuPP • 15V 



SHOgl. 



c^ge^^^^ 



Rsc 0.62*1 
Tc 125 C 
VsuPP ' 15V 




lo 
1.5 A 




_J2^ 


1.0A c^gjJ^jT^ 


r' " 




0.5 A 


1 
1 
1 1 


— 1 


' 1 h- 



_u 



Figure 6: Iqut vs Vqut 



+5V +10V +15V 

SC00870I 




TYPICAL PERFORMANCE CHARACTERISTICS 





5 10 15 20 25 30 Pkg. Powtr Diss. (W) 



*Set switch on Vin to get d«sir«d Power Diss., tl«en 
switch to Gnd. to read offset (Vout = 11 x Voffset) 



Input Offset Voltage vs Power Dissipation 
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g ICH8S15 

IP 



i 



TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 

ik Input lmp«d«nc« (Mil) 
Wf = (Unity Gain) 




lOHi 100Hz 1kHz 10kHz Fraq. 




SC00850I 

Input Impedance vs Gain vs Frequency 



I i GMMC«nt currwit from * 
•mwr V^ or V~ (ma) 



60 
50- 
40 
30 




H 1 H 1 1 1 h- 



S 10 15 

*tlMy are approx. equal Power Supply Voltages 




Quiescent Current vs Power Supply Voltage 

VouT power band width Vout > ±67% Vcc 





Large Signal Power Band Width 
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ICH8515 

TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 



A Closad loop Gain 



Cl < lOOOpF for 
A<|«qu«te Stability 




tOHz 100Hz llcHz 10l(Hz lOOitHz freq(Hz) 




SC00890I 

Small Signal Ffequency Response 



00 
01 



01 



Max. Output Current (Amps) @ VouT = ±12V, Vsupp = ±15V 




-H 1 1 1 1 1 1 ► 

-25 +25 +50 +75 +100 +125 

CaaaTamp. (Tc)rC) 



Figure 7: Maximum Output Current 
v^. Case Temperature 



i k Imax AMf»$ 
Tc - 25° C 




-+- 1 1 1 — I 1—*- Vsupp 



Figure 8: l\/laximum Output Current 
vs. VsuPPLY 
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g ICH8515 

I TYPICAL APPLICATIONS 

"" Constant Voltage Drive For D.C. Motors 

Here Vqut/Vin = 4, and if V|n = -3V, Vqut = + 12V, 
and vice versa for V|n = + 3V. Diodes D1 , D2 should be 
1 N4001 types: these absorb the inductive kickbacks of the 
motor. The 2000pF capacitor is used to prevent system 
oscillation, by providing gain rolloff @ approx. 20kHz 
(-3dB). 




' D.C. MOTOR I - 

I I 



Figure 9 



Constant Current Drive For DC. Motors 







^jy 0.611 @ 5W 



I 12V 
O.C. MOTOR 



Figure 10 



II Rf 1 

— = • — , assuming Rf > > Rl- 

V|N RjN Rl 



Rl=10U then 



-0.1 Amps/Volt, and if Rl=1^ 



This circuit allows precisely set motor drive current with 
op. amp. feedback accuracy. If RjN = RF = 1kf2, and 

V|n' 

(use 4W or more) and Rp = R|n = ^^^2, 

II ^ ^ Amp 

— =-1x1 = . 

V|N Volt 

thus if V|N = 1 -SV, 1 .5 amps will flow thru the motor. Since 
one side of the motor will have a 1 .5V drop (with respect to 
GND), the Vo point will go to 1 3.5V and develop 1 2V across 
motor. 

HEAT SINK INFORMATION 

He^t sinks are available from Intersil. Order part number 
29-0305 ($10.00 ea.) with a R0ha= l.3''C/watt. A conve- 
nient mating connector is also available. Order part number 
29-0306 ($4.50 ea.). 

NOTE: This product contains Beryllia. If used in an application where the 
package integrity may be breached and the internal parts crushed or 
machined, avoid inhalation of the dust. 
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ICL7605/ICL7606 

Commutating Auto-Zero (CAZ) 
Instrumentation Amplifier 




o 
III 



GENERAL DESCRIPTION 

The ICL7605/iCL7606 CMOS commutating auto-zero 
(CAZ) instrumentation amplifiers are designed to replace 
most of today's hybrid or monolithic instrumentation amplifi- 
ers, for low frequency applications from DC to 1 0Hz. This is 
made possible by the unique construction of this new 
Intersil device, which takes an entirely new design approach 
to low frequency amplifiers. 

Unlike conventional amplifier designs, which employ 
three op-amps and require ultra-high accuracy in resistor 
tracking and matching, the CAZ instrumentation amplifier 
requires no trimming except for gain. The key features of 
the CAZ principle involve automatic compensation for long- 
term drift phenomena and temperature effects, and a flying 
capacitor input. 

The ICL7605/ICL7606 consist of two analog sections — 
a unity gain differential to single-ended voltage converter 
and a CAZ op amp. The first section senses the differential 
input and applies it to the CAZ amp section. This section 
consists of an operational amplifier circuit which continu- 
ously corrects itself for input voltage errors, such as input 
offset voltage, temperature effects, and long term drift. 

The ICL7605/ICL7606 is intended for low-frequency, 
operation in applications such as strain gauge amplifiers 
which require voltage gains from 1 to 1 000 and bandwidths 
from DC to 10Hz. Since the CAZ amp automatically corrects 
itself for internal errors, the only periodic adjustment 
required is that of gain, which is established by two external 
resistors. This, combined with extremely low offset and 
temperature coefficient figures, makes the CAZ instrumen- 
tation amplifier very desirable for operation in severe 
environments (temperature, humidity, toxicity, radiation, 
etc.) where equipment service is difficult. 

ORDERING INFORMATION 

Order parts by the following part numbers: 



FEATURES 

• Exceptionally Low Input Offset Voltage — 2juV 

• Low Long Term Input Offset Voltage Drift — 
0.2MV/Year 

• Low Input Offset Voltage Temperature 
Coefficient — 0.05/iV/°C 

• Wide Common Mode Input Voltage Range — 0.3V 
Above Supply Rail 

• High Common Mode Rejection Ratio — 100 dB 

• Operates at Supply Voltages As Low As ±2V 

• Short Circuit Protection On Outputs for ±5V 
Operation 

• Static-Protected Inputs — No Special Handling 
Required 

• Compensated (ICL7605) or Uncompensated 
(ICL7606) Versions 



0> 

o 

0> 



AZ 

HNPUT 

C4c: 

C4C 

C2 

C2 

v-C 

BIASC 
OUTPUT C 



C»i 



]-OiFFIN 
17 3+DIFF IN 



16] 



15 3 
14] 
13] 
12] 



10] 



C3 
C3 
Ci 
Ci 
DR 
]OSC 

y+ 



(outline dwg JN) 

CD014701 

Figure 1: Pin Configuration 




PART NUMBER 


COMPENSATION 


TEMPERATURE RANGE 


PACKAGE 


ICL7605CJN 


INTERNAL 


OX to +70'»C 


18-PIN CERDIP 


ICL7605UN 


INTERNAL 


^25°C to +85°C 


18-PIN CERDIP 


ICL7605MJN 


INTERNAL 


-55°C to +125°C 


18-PIN CERDIP 


ICL7605/D 


INTERNAL 


— 


DICE** 


ICL7606CJN 


EXTERNAL 


OX to + 70°C 


18-PIN CERDIP 


ICL7606iJN 


EXTERNAL 


-25°C to +85X 


18-PIN CERDIP 


ICL7606MJN 


EXTERNAL 


-55°C to +125X 


18-PIN CERDIP 


ICL7606/D 


EXTERNAL 


— 


DICE** 



•Parameter Mm/Max Limits guaranteed at 25^*0 only for DICE orders. 
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301681-002 



I IC1.7605/IQL7606 



in 
O 
<0 




Figure 2: Symbol 



DIFFINo- 
DIFF IN o- 



AZo- 
INPUT o- 



DIFFERENTIAL 

TO SINGLE 

ENOEO VOLTAGE 

CONVERTER 

ANALOG 

SWITCH 

SECTION 



CA2 

OP 

AMP 

INPUT 

Az ANALOG 

SWITCH 

SECTION 



t f 
C 












r— 


2 


RC 




2 OR 32 
DIVIDER NETWORK 


— 








OSCILLATOR 










(DIVIJ 


i 

DR 
5I0N RATIO) 






— 


LEVEL 
TRANSLATORS 









LEVEL 
TRANSLATORS 



STABILIZED 
POWER 
SUPPLY 



Figure 3: Functional Diagram 
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Continuous Total Power Dissipation (Note 4) 500mW 

Operating Temperature Range: 

ICL7605/ICL7606CJN to +70°C 

ICL7605/ICL7606IJN -25°C to +85°C 

ICL7605/ICL7606IVIJN -55°C to +125°C 

Storage Temperature Range - 65°C to + 1 50°C 

Lead Temperature (Soldering, 10sec) 300°C 



ICL7605/ICL7606 

ABSOLUTE MAXIMUM RATINGS 

Total Supply Voltage (V"*" to V") 18V 

DR Input Voltage (V^-8) to (V"^ +0.3)V 

Input Voltage (Ci, C2, C^^, C4 +DIFF IN, -DIFF IN, 

-INPUT, BIAS, OSC), 

(Note 1) (V- -0.3) to (V"^ +0.3)V 

Differential Input Voltage ( + DIFF IN to -DIFF IN) 

(Note 2) (V" -0.3) to (V"^ +0.3)V 

Duration of Output Short Circuit (Note 3) Unlimited 

stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings only, and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to 
absolute maximum rating conditions for extended penods may affect device reliability. 
Note 1: Due to the SCR structure inherent in all CMOS devices, exceeding these limits may cause destructive latch up. For this reason, it is recommended that 

no inputs from sources operating on a separate power supply be applied to the 7605/6 before its own power supply is established, and that when 

using multiple supplies, the supply for the 7605/6 should be turned on first. 
Note 2: No restnctions are placed on the differential input voltages on either the + DIFF IN or -DIFF IN inputs so long as these voltages do not exceed th(e 

power supply voltages by more than 0.3V. 
Note 3: The outputs may be shorted to ground (GND) or to either supply (V^ or V~). Temperatures and/or supply voltages must be limited to insure that the 

dissipation ratings are not exceeded. 
Note 4: For operation above 25°C ambient temperature, derate 4mW/''C from 500mW above 25°C. 

ELECTRICAL CHARACTERISTICS 



•4 

o 

01 

o 

r 

o 

0) 



Test Conditions: 



V+ = +5V, V- = -5V, Ta= +25^C. DR pin connected to V+ (fcOM^ 
Ci = C2 = C3 = C4 = 1 juF, Test Circuit 1 unless otherwise specified. 



.160Hz, fcOM1=^80Hz), 



SYMBOL 


PARAMETER 


TEST CONDITrONS 


VALUE 


UNIT 


MIN 


TYP 


MAX 


Vqs 


Input Offset Voltage 


Rs < 1kf2 Low Bias Setting 
Med Bias Setting 
High Bias Setting 

MIL version over temp. Med Bias Setting 




±2 
±2 
±7 


±5 
±20 




AVos/AT 


Average Input Offset 
Voltage Temperature 
Coefficient (Note 5) 


Low or Med Bias Settings -55°C > Ta > +25°C 
+ 25°C>Ta> +85°C 
-^25°C>Ta> +125°C 




0.01 
0.01 
0.05 


0.2 
0.2 
0.2 


juV/'C 

n\trc 
ys/rc 


AVos/At 


Long Term Input 
Offset Voltage Stability 


Low or Med Bias Settings 




0.5 




MV/Year 


CMVR 


Common Mode Input Range 




-5.3 




, +5.3 


V 


CMRR 


Common Mode Rejection Ratio 


Cqsc = 0, DR connected to V "^ , C3 = C4 = 1 juF 
Cqsc = 1mF, DR connected to GND, C3 = C4 = 1/liF 
Cqsc = 1mF, DR connected to GND, 03 = 04 = lOjuF 




94 
100 
104 




dB 
dB 
dB 


PSRR 


Power Supply Rejection Ratio 






110 




dB 


-Ibias 


-INPUT Bias Current 


Any bias setting, fc = 160Hz 
(Includes charge injection currents) 




0.15 


1.5 


nA 


en(p-p) 


Equivalent Input Noise 
Voltage peak-to-peak 


Low Bias Mode 
Band Width Med Bias Mode 
0.1 to 10Hz High Bias Mode 




4.0 
4.0 
5.0 






in 


Equivalent input 
Noise voltage 


Band Width 

0.1 to 1.0Hz All Bias Modes 




1.7 




yN 


AvOL 


Open Loop Voltage Gain 


Rl = 10kS2 Low Bias Setting 
Med Bias Setting 
High Bias Setting 


90 
90 
80 


105 
105 
100 




dB 
dB 
dB 


±Vo 


Maximum Output 
Voltage Swing 


RL = 1Mf2 
RL=100kr2 

RL = 10ki^ Positive Swing 
Negative Swing 


+ 4.4 


±4.9 
±4.8 


-4.5 ' 


V 
V 
V 
V 


GBW 


Bandwidth of Input 
Voltage Translator 
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ELECTRICAL CHARACTERISTICS (CONT.) 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


VALUE 


UNIT 


MIN 


TYP 


MAX 


Idr 


Division Ratio Input 
Current 


V*'-8.0<Vdr<V^ +0.3 volt 




±30 




pA 


Vdrh 
Vdrl 


DR Voltage required to 
set Oscillator division ratro 


Internal oscillator division ratio 32 
Internal oscillator division ratio 2 


V"*" -0.3 
V^ -8 




V+ +0.3 
V^ -1.4 


V 
V 


Ras 


Effective Impedance of 
Voltage Translator 
Analog Switches 






30 




ka 


•SUPP 


Supply Current 


High Bias Setting 
Med Bias Setting 
Low Bias Setting 




7 

1.7 
0.6 


15 
5 
1.5 


mA 
mA 
mA 


' V"*" -v~ 


Operating Supply 
Voltage Range 
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5 
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10 
10 


V 
V 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 
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Figure 4: Test Circuit 1 
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Figure 5: Test Circuit 2 
DC to 10Hz Unity Gain Low Pass Filter 



DETAILED DESCRIPTION 

CAZ Instrumentation Amp Overview 

The CAZ instrumentation amplifier operates on principles 
which are very different from thpse of the conventional 
three op-amp designs, which mu^t use ultra-precise 
trimmed resistor networks In order to achieve acceptable 
accuracy. An important advantage of the ICL7605/ICL7606 
CAZ instrumentation amp is the provision for self-compen- 
sation of internal error voltages, whether they are derived 
from steady-state conditions^ such as temperature and 
supply voltage fluctuations, or are due to long term drift. 

The CAZ instrumentation amplifier is constructed with 
monolithic CMOS technology, and consists of three distinct 
sections, two analog and one digital,. The two analog 
sections — a differential to single-ended voltage converter, 
and a CAZ op amp — have on-chip analog switches to 
steer the input signal. The analog switches are driven from 
a self-contained digital section which consists of an RC 
oscillator, a programmable divider, and associated voltage 
translators. A functional layout of the ICL7605/ICL7606 is 
shown in Figure 6. 
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Figure 6: Simplified Block Diagram 



The ICL7605/ICL7606 have approximately constant 
equivalent input noise voltage, CMRR, PSRR, input offset 
voltage and drift values independent of the gain configura- 
tion. By comparison, hybrid-type modules which use the 
traditional three op amp configuration have relatively poor 
performance at low gain (1 to 100) with improved perfor- 
mance above a gain of 100. 

The only major limitation of the ICL7605/ICL7606 is its 
low-frequency operation (10 to 20Hz maximum). However in 
many applications bandwidth is not the most important 
parameter. 

CAZ Op Amp Section 

operation of the CAZ op-amp section of the ICL7605/ 
ICL7606 is best illustrated by referring to Figure 7. The 
basic amplifier configuration, represented by the large 
triangles, has one more input than does a regular op amp — 
the AZ, or auto-zero terminal. The voltage on the AZ input 
is that level at which each of the internal op amps will be 
auto-zeroed. In Mode A, op amp #2 is connected in a unity 
gain mode through on-chip analog switches. It charges 
external capacitor C2 to a voltage equal to the DC input 
offset voltage of the amplifier plus the instantaneous low- 
frequency noise voltage. A short time later, the analog 
switches reconnect the on-chip op amps to the configura- 
tion shown in Mode B. In this mode, op amp #2 has 
capacitor C2 (which Is charged to a voltage equal to the 
offset and noise voltage of op amp #2) connected in series 
to its non-inverting ( + ) input in such a manner as to null out 
the input offset and noise voltages of the amplifier. While 
one of the on-chip op amps is processing the input signal, 
the second op amp is in an auto-zero mode, charging a 
capacitor to a voltage equal to its equivalent DC and low 
frequency error voltage. The on-chip amplifiers are connect- 
ed and reconnected at a rate designated as the commuta- 
tion frequency (fcOM). so that at all times one or the other 
of the on-chip op amps is processing the input signal, while 
the voltages on capacitors C-| and C2 are being updated to 
compensate for variables such as low frequency noise 
voltage and input offset voltage changes due to tempera- 
ture, drift or supply voltages effects. 
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Figure 7: Diagrammatic representation of the 2 half cycles of operation of the CAZ OP AMP. 
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Figure 8: Schematic of analog switches connecting each internal OP AMP 
to its inputs and output. 



4-29 
Note. All typical values have been guaranteed by characterization and are not tested. 



i 



i 



ICL7605/ICL7606 



i- 

S7 



» INPUT OF AMPLIFIER 

- GND OR REFERENCE VOLTAGE 



MODE 


Si 1 S2 1 S3 


1 S4 i SB 


1 Se 1 S7 1 Sa 1 


A 


[.jf.w^.m.ij^™wf.T.-^ 


^^.m.L'dJBWf.!--' 


53K.5i 4.'iE w--' 4.«.: -inn 


B 


OPEN ICLOSeOl OPEI 


^ ICLOSEDl OPS 


^ ICLOSEOl OPEN ICLOSEDl 



Tlw frtquency at which modM A A B are cyclad is 
known at th« INPUT COMMUTATION FREQUENCY 



Figure 9: Schematic of the differential to single ended voltage converter 



Compared to the standard bipolar or FET input op amps, 
the CAZ amp scheme demonstrates a number of important 
advantages: 

* Effective input offset voltages can be reduced from 
1000 to 10,000 times without trimming. 

* Long-term offset voltage drift phenomena can be 
compensated and dramatically reduced. 

* Thermal effects can be compensated for over a 
wide operating temperature range. Reductions can 
be as much as 100 times or better. 

* Supply voltage sensitivity is reduced. 

CMOS processing is ideally suited to implement the CAZ 
amp structure. The digital section is easily fabricated, and 
the transmission gates (analog switches) which connect the 
on-chip op amps can be constructed for minimum charge 
injection and the widest operating voltage range. The 
analog section, which includes the on-chip op amps, 
contributes performance figures which are similar to bipolar 
or FET input designs. The CMOS structure provides the 
CAZ op-amp with open-loop gains of greater than lOOdB, 
typical input offset voltages of ±5mV, and ultra-low leakage 
currents, typically IpA. 

The CMOS transmission gates connect the on-chip op 
amps to external input and output terminals, as shown in 
Figure 8. Here, one op amp and its associated analog 
switches are required to connect each on-chip op amp, so 
that at any time three switches are open and three switches 
are closed. Each analog switch consists of a P-channel 
transistor in parallel with an N-channel transistor. 

DIFFERENTIAL-TO-SINGLE-ENDED UNITY 
GAIN VOLTAGE CONVERTER 

An idealized schematic of the voltage converter block is 
shown in Figure 9. The mode of operation is quite simple, 
involving two capacitors and eight switches. The switches 
are arranged so that four are open and four are closed. The 
four conducting switches connect one of the capacitors 
across the differential input, and the other from a ground or 



reference voltage to the input of the CAZ instrumentation 
amp. The output signal of this configuration is shown in 
Figure 10, where the voltage steps equal the differential 
voltage (Va-Vb) at commutation times a, b, c, etc. The 
output waveform thus represents all information contained 
in the input signal from DC up to the commutation frequen- 
cy, including commutation and noise voltages. Sampling 
theory states that to preserve the information to be pro- 
cessed, at least two samples must be taken within a period 
(1 /f ) of the highest frequency being sampled. Consequently 
this scheme. preserves information up to the commutation 
frequency. Above the commutation frequency, the input 
signal is translated to a lower frequency. This phenomenon 
Is known as aliasing. Although the output responds to inputs 
above the commutation frequency, the frequencies of the 
output responses will be below the commutation frequency. 
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Figure 11: 3-1/2 Digit Digital Readout Torque Wrench 



The voltage converter is fabricated with CMOS analog 
switches, which contain a parallel combination of P-channel 
and N-channel transistors. The switches have a finite ON 
impedances of 30k^, plus parasitic capacitances to the 
substrate. Because of the charge injection effects which 
appear at both the switches and the output of the voltage 
converter, the values of capacitors G3 and C4 must be 
about 1/xF to preserve signal translation accuracies to 
0.01 %. The IjuF capacitors, coupled with the SOk^ equiva- 
lent impedance of the switches, produce a low-pass filter 
response from the voltage converter which Is down approxi- 
mately 3dB at 10Hz. 

APPLICATIONS 

Using the ICL7605/ICL7606 to Build a 

Digital Readout Torque Wrench 

A typical application for the ICL7605/ICL7606 is in a 
strain gauge system, such as the digital readout torque 
wrench circuit shown in Figure 6. In this application, the 
QAZ instrumentation amplifier is used as a preamplifier, 
taking the differential voltage of the bridge and converting It 
to a single-ended voltage referenced to ground. The signal 
is then amplified by the GAZ instrumentation amplifier and 
applied to the input of a 3-1/2 digit dual-slope A/D 
converter which drives the LCD panel meter display. The 
A/D converter device used in this instance is the Intersil 
ICL7106. 

In the digital readout torque wrench circuit, the reference 
voltage for the ICL7106 is derived from the stimulus applied 
to the strain gauge, to utilize the ratiometric capabilities of 



the A/D. In order to set the full-scale reading, a value of 
gain for the ICL7605/ICL7606 instrumentation CAZ amp 
must be selected along with an appropriate value for the 
reference voltage. The gain should be set so that at full 
scale, the output will swing about 0.5V. The reference 
voltage required Is about one-half the maximum output 
swing, or approximately 0.25V. 

In this type of system, only one adjustment is required. 
Either the amplifier gain or the reference voltage must be 
varied for full-scale adjustment. Total current consumption 
of all circuitry, less the current through the strain gauge 
bridge, is typically 2mA. The accuracy is limited only by 
resistor ratios and the transducer. 

SOIME HELPFUL HINTS 

Testing the ICL7605/ICL7606 CAZ 

Instrumentation Amplifier 

Figure 4 and 5 (Test Circuits) provide a convenient 
means of measuring most of the important electrical 
parameters of the CAZ instrumentation amp. The output 
signal can be viewed on an oscilloscope after being fed 
through a low-pass filter. It is recommended that for most 
applications, a low-pass filter of about 1 .0 to 1 .5Hz be used 
to reduce the peak-to-peak noise to about the same level 
as the input offset voltage. 

The output low-pass filter must be a high-input imped- 
ance RC type — not simply a capacitor across the feedback 
resistor R2. Resistor and capacitor values of about lOOk^ 
and 1 .0/uF are necessary so that the output load impedance 
on the CAZ op-amp is greater than lOOk^. 
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Figure 12: Effect of a load capacitor on output voltage waveforms. 



Bias Control 

The on-chip op amps consume over 90% of the power 
required by 4he ICL7605/ICL7606. For this reason, the 
internal op amps have externally- programmable bias lev- 
els. These levels are set by connecting the BIAS terminal to 
either V + , GND, or V , for LOW, MEDi or HIGH BIAS levels, 
respectively. The difference between each bias setting is 
about a factor of 3, allowing a 9:1 ratio of quiescent supply 
current versus bias setting. This current programmability 
provides the user with a choice of device power dissipation 
levels, slew rates (the higher the slew rate, the better the 
recovery from commutation spikes), and offset errors due to 
"IR" voltage drops and thermoelectric effects (the higher 
the power dissipation, the higher the input offset error). In 
most cases, the medium bias (MED BIAS) setting will be 
found to be the best choice. 

Output Loading (Resistive) 

With a 10k^ load, the output voltage swing can vary 
across nearly the entire supply voltage range, and the 
device can be used with loads as low as 2kr2, 

However, with loads of less than 50kl2, the on-chip op 
amps will begin to exhibit the characteristics of transcon- 
ductance amplifiers, since their respective output imped- 
ances are nearly 50k^ each. Thus the open-loop gain is 
20dB less with a 2k^ load than it would be with a 20kU 
load. Therefore, for high gain configurations requiring high 
accuracy, an output load of 100kS^ or more is suggested. 

There is another consideration in applying the CAZ 
instrumentation op amps which must not be overlooked. 
This is the additional power dissipation of the chip whjch will 
result from a large output voltage swing into a low resis- 
tanqe load. This added power dissipation can affect the 
initial input offset voltages under certain conditions. 

Output Loading (Capacitive) 

In many applications, it is desirable to include a low-pass 
filter at the output of the CAZ instrumentation op amp to 
reduce high-frequency noise outside the desired signal 
passband. An obvious solution when using a conventional 
op amp would be to place a capacitor across the external 
feedback resistor and thus produce a low-pass filter. 

However, with the CAZ op amp concept this is not 
possible because of the nature of the commutation spikes. 
These voltage spikes exhibit a low-impedance characteris- 
tic in the direction of the auto-zero voltage and a high- 
impedance characteristic on the recovery edge, as shown 
in Figure 12. It can be seen that the effect of a large load 



capacitor produces an area error in the output waveform, 
and hence an effective gain error. The output low-pass filter 
must be of a high-impedance type to avoid these area 
errors. For example, a 1.5Hz filter will require a 100ki7 
resistor and a 1 .0/xF capacitor, or a 1 MQ. resistor and an 
0.1 juF capacitor. 

Oscillator and Digital Circuitry 
Considerations 

The oscillator has been designed to run free at about 
5.2kHz when the OSC terminal is open circuit. If the full 
divider network is used, this will result in a nominal 
commutation frequency of approximately 160Hz. The com- 
rnutatiori frequency is that frequency at which the on-chip 
op amps are switched between the signal processing and 
the auto-zero modes. A 160Hz commutation frequency 
represents the best compromise between input offset 
voltage and low frequency noise. Other commutation fre- 
quencies may provide optimization of some parameters, but 
always at the expense of others. 

The osQillator has a very high output impedance, so that 
a load of only a few picofarads on the OSC terminal will 
cause a significant shift in frequency. It is therefore recom- 
mended that if the natural oscillator frequency is desired 
(5.2kHz) the terminal remains open circuit. In other in- 
stances, it may be desirable to synchronize the oscillator 
with an external clock source, or to run it at another 
frequency. The ICL7605/ICL7606 CAZ amp provides two 
degrees of flexibility in this respect. First, the DR (division 
ratio) terminal allows a choice of either dividing the oscilla- 
tor by 32 (DR terminal to V"^) or by 2 (DR terminal to GND) 
to obtain the commutation frequency. Second, the oscillator 
may have its frequency lowered by the addition of an 
external capacitor connected between the OSC terminal 
and the V"*" or system GND terminals. For situations which 
require that the commutation frequency be synchronized 
with a master clock, (Figure 13) the OSC terminal may be 
driven from TTL logic (with resistive pull-up) or by CMOS 
logic, provided that the V"*" supply is +5V (±10%) and the 
logic driver also operates from a similar voltage supply. The 
reason for this requirement is that the logic section (includ- 
ing the oscillator) operates from an internal -5V supply, 
referenced to V"*" supply, which is not accessible externally. 

Thermoelectric Effects 

The ultimate limitations to ultra-high-sensitivity DC ampli- 
fiers are due to thermoelectric, Peltier, or thermocouple 
effects in electrical junctions consisting of various metals 
(alloys, silicon, etc.) Unless all junctions are at precisely the 
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ICL7605/ICL7606 

same temperature, small thermoelectric voltages will be 
produced, generally about 0.1/uV/°C. However, these volt- 
ages can be several tens of microvolts per °C for certain 
thermocouple materials. 



INPUT Va 
INPUT Vb 




USE Rl - 22k(l 

FOR TTL LOGIC 

(NOT NEEDED FOR CMOS) 



Figure 13: ICL7605 being clocl(ed from 
external logic into the oscillator terminal. 



In order to realize the extremely low offset voltages which 
the CAZ op amp can produce, it is necessary to take 
precautions to avoid temperature gradients. All components 
should be enclosed to eliminate air movement across 
device surfaces. In addition, the supply voltages and power 
dissipation should be kept to a minimum by use of the MED 
BIAS setting. Employ a high impedance load and keep the 
ICL7605/ICL7606 away from equipment which dissipates 
heat. 

Component Selection 

The four capacitors (Ci thru C4) should each be about 
1 .OjuF. These are relatively large values for non-electrolytic 
capacitors, but since the voltages stored on them change 
significantly, problems of dielectric absorption, charge 
bleed-off and the like are as significant as they would be for 
integrating dual-slope A/D converter applications. Polypro- 
pylene types are the best for C3 and C4, although Mylar 
may be adequate for Ci and C2. 

Excellent results have been obtained for commercial 
temperature ranges using several of the less-expensive, 
smaller-size capacitors, since the absolute values of the 
capacitors are not critical. Even polarized electrolytic ca- 
pacitors rated at 1 .O^F and 50V have been used success- 
fully at room temperature, although no recommendations 
are made concerning the use of such capacitors. 

Commutation Voltage Transient Effects 

Although in most respects the CAZ instrumentation 
amplifier resembles a conventional op amp, its principal 
applications will be in very low level, low-frequency pream- 
plifiers limited to DC through 1 0Hz. The is due to the finite 



switching transients which occur at both the input and 
output terminals because: of commutation effects, These 
transients have a frequency spectrum beginning at the 
commutation frequency, and including all of the higher 
harmonics of the commutation frequency. Assuming that 
the commutation frequency is higher than the highest in- 
band frequency, then the commutation transients can be 
filtered out with a low-pass filter. 

The input commutation transients arise when each of the 
on-chip op amps experiences a shift in voltage which is 
equal to the input offset voltages (about 5-1 OmV), usually 
occurring during the transition between the signal process- 
ing mode and the auto-zero mode. Since the input capaci- 
tances of the on-chip op-amps are typically in the 10pF 
range, and since it is desirable to reduce the effective input 
offset voltage about 10,000 times, the offset voltage auto- 
zero capacitors C-j and C2 must have values of at least 
10,000 x10pF, or 0.1 /uF each. 

The charge that is injected into the input of each op amp 
when being switched into the signal processing mode 
produces a rapidly-decaying voltage spike at the input, plus 
an equivalent DC input bias current averaged over a full 
cycle. This bias current is directly proportional to the 
commutation frequency, and in most instances will greatly 
exceed the inherent leakage currents of the input analog 
switches, which are typically 1 .OpA at an ambient tempera- 
ture of 25X. 

The output waveform in Figure 4 (with no input signal) is 
shown in Figure 1 4. Note that the equivalent noise voltage 
is amplified 1 000 times, and that due to the slew rate of the 
on-chip op amps, the input transients of approximately 7mV 
are amplified by a factor of less than 1000. 



DIFFERENTIAL TO SINGLE ENDED 
COVERTER TRANSIENTS 




Figure 14: Output waveform from Test 
Circuit 1. 
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Layout Considerations 

Care should be exercised in positioning components on 
the PC board particularly the capacitors Ci , C2, C3 and C4, 
which must all be shielded from the OSC terminal. Also, 
parasitic PC board leakage capacitances associated with 
these four capacitors should be kept as low as possible to 
minimize charge injection effects. 
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S ICL76XX 

N IC1.76XX Series Low Power 
p CMOS Operational Amplifiers 




GENERAL DESCRIPTION 

The ICL761X/762X/763X/764X series is a family of 
monolithic CMOS operational amplifiers. These devices 
provide the designer with high performance operation at low 
supply voltages and selectable quiescent currents, and are 
an ideal design tool when ultra low input current and low 
power dissipation are desired. 

^. The basic amplifier will operate at supply voltages 
ranging from ±1.0V to ±8V, and may be operated from a 
single Lithium cell. 

A unique quiescent current programming pin allows 
setting of standby current to 1mA, lOOjuA, or 10/liA, with no 
external components. This results in power consumption as 
low as 20mW. Output swings range to within a few millivolts 
of the supply voltages. 

Of particular significance is the extremely low (1pA) input 
current, Input noise current of .01pA/-y/H5, and ^0^^Q input 
impedance. These features optimize performance In very 
high source impedance applications. 

The inputs are internally protected and require no special 
handling procedures. Outputs are fully protected against 
short circuits to ground or to either supply. 

AC performance is excellent, with a slew rate of 1 .6V/jus, 
and unity gain bandwidth of 1MHz at Iq = 1mA. 

Because of the low power dissipation, operating tempera- 
tures and drift are quite low. Applications utilizing these 
features may include stable instruments, extended life 
designs, or high density packages. 



FEATURES 

• Wide Operating Voltage Range ±1.0V to ±8V 

• High Input Impedance — 10^ ^S^ 

• Programmable Power Consumption — Low As 
20mW 

• Input Current Lower Than BIFETs— -Typ IpA 

• Available As Singles, Duals, Triples, and Quads 

• Output Voltage Swings to Within Millivolts Of V 
and V + 

• Low Power Replacement for Many Standard Op 
Amps 

• Compensated and Uncompensated Versions 

• Inputs Protected to +200V (ICL7613/15) 

• input Common Mode Voltage Range Greater 
Than Supply Rails (ICL7612) 

APPLICATIONS 

• Portable Instruments 

• Telephone Headsets 

• Hearing Aid/Microphone Amplifiers 

• Meter Amplifiers 

• Medical Instruments 

• High Impedance Buffers 



SELECTION GUIDE 



DEVICE NOMjENCLATURE 



ICL76XX 



AA 



Package Code 

TV — TO-99, 8 pin 

PA — Plastic 8 pin Minidip 

PD — 14 pin Plastic Dip 

PE — 16 pin Plastic Dip 

JD — 14 pin CERDIP 

JE — 16 pin CERDIP 

ID — Dice 

"Temperature Range 
C = OX to 70°C 
M= -55°C to +125°C 

"Vos Selection 
A = 2mV 
B = 5mV 
C = 10mV 
D = 15mV 
E = 20mV 



SPECIAL FEATURE CODES 

= INTERNALLY COMPENSATED 
E = EXTERNALLY COMPENSATED 

H == HIGH QUIESCENT CURRENT (1mA) 

1 = INPUT PROTECTED TO ±200V 

L = LOW QUIESCENT CURRENT (IOmA) 

M = MEDIUM QUIESCENT CURRENT (lOO/uA) > 

O = OFFSET NULL CAPABILITY 

P = PROGRAMMABLE QUIESCENT CURRENT 

V = EXTENDED CMVR 
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302060-002 



ICL76XX 

ORDERING INFORMATION 



•4 
0> 



BASIC 
PART 
NUMBER 


NUMBER OF 

OP-AMPS IN 

PACKAGE, AND 

SPECIAL 

FEATURES 

(SEE ABOVE) 


PACKAGE TYPE AND SUFFIX 


8-LEAD TO-99 


8-PIN 
MINIDIP 


8-PIN 
SOIC 


PLASTIC 
DIP (1) 


CERAMIC DIP (1) 


DICE 


OX to 
+ 70X 


-55X to 
+ 125''C 


OX to 
+ 70X 


OX to 
+ 70X 


OX to 
+ 70X 


OX to 
+ 70X 


-55X to 
+ 125X 


ICL7611 
ICL7612 
ICL7613 
ICL7614 
ICL7615 


SINGLE OP-AMP: 
e, 0, P 
C, 0, P, V 
C, I. O, P 
E, M. 
E. 1, M, 


ACTV 
BCTV 
DCTV 


AMTV 
BMTV 


ACPA 
BCPA 
DCPA 


DCPA 
DCBA 








D/D 


ICL7621 


DUAL OP-AMP: 
0, M 


ACTV 
BCTV 
DCTV 


AMTV 
BMTV 


ACPA 
BCPA 
DCPA 










D/D 


ICL7622 


DUAL OP-AMP: 
C, M, O 










ACPD 
BCPD 
DCPD 


ACJD 
BCJD 
DCJD 


AMJD 
BMJD 


D/D 


ICL7631 
ICL7632 


TRIPLE OP-AMP: 

C, P 

P(3) 










CCPE 
ECPE 


CCJE 
ECJE 


CMJE 


E/D 


ICL7641 
ICL7642 


QUAD OP-AMP: 

C, H 

C.'L 










CCPD 
ECPD 


CCJD 
ECJD 


CMJD 


E/D 



NOTES: 1. Duals and quads are available in 14 pin DIP package, triples in 16 pin only. 

2. Ordering code must consist of basic part number and package suffix, e.g., ICL7611BCPA. 

3. ICL7632 is not compensatable. Recommended for use in high gain circuits only. 
** Parameter MIn/Max Limits guaranteed at 25°C only for DICE orders. 



DEVICE 



DESCRIPTION 



PIN ASSIGNMENTS 



ICL7611XCPA 
ICL7611XCTV 
ICL7611XMTV 
ICL7612XCPA 
ICL7612XCTV 
ICL7612XMTV 
ICL7613XCPA 
ICL7613XCTV 
ICL7613XMTV 



Internal compensation, plus 
offset null capability 
and external Iq control 



TO-99 (TOP VIEW) 
(outline dwg TV) 

Iq set 



8 PIN DIP (TOP VIEW) 
(outline dwg PA) 





*Pin 7 connected to case. 



8 PIN DIP (TOP VIEW) 
(outline dwg BA) 




Figure 1: Pin Configurations 
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^ ICL76X^ 

<0 



DEVICE 



DESCRIPTfON 



PIN ASSIGNMENTS 



ICL7614XCPA 
ICL7614XCTV 
ICL7614XMTV 
ICL7615XCPA 
ICL7615XCTV 
ICL7615XMTV 



Fixed Iq (lOO^tA), external 
compensation, and offset 
null capability 



TO-99 (TOP VIEW) 
(outline dwg TV) 



8 PIN DIP (TOP VIEW) 
(outline dwg PA) 



SOIC-8 





*Pin 7 connected to case. 



ICL7621XCPA 
ICL7621XCTV 
ICL7621XMTV 



Dual op amps with internal 

compensation; Iq fixed 

at 100mA 

Pin compaptible with 
Texas Inst. tL082 
Motorola MC1458 
Raytheon RC4558 



TO-99 (TOP VIEW) 
(outline dwg TV) 




• PIN DIP (TOP VIEW) 
(outline dwg PA) 

V* OUTe -INb +INb 
sl tI 6 5 




OUTa-INa -hlN* v 



*Pin 8 connected to case. 



ICL7622XCPD 



Dual op amps with external 
compensation and offset 
null capability; Iq fixed 
at 100/uA 

Pin compatible with 
Texas Inst. TL083 
Fairchild juA747 



14 PIN DIP (TOP VIEW) 
(outline dwgs JD, Pb) 



OFFSETa v^ OUTa n/c oUTb V* OFFSETb 

IaI IsI 12 11 10 9 




1 2{ 3! ^ 5T 6 

-IN* +INa I V- I -^iNg -INb 

OFFSETa OFFSETb 
Note: Pins 9 and 13 are internally connected. 



Figure 1: Pin Configurations (Cont.) 
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ICL76XX 



0> 



DEVICE 



DESCRIPTION 



PIN ASSIGNMENTS 



ICL7631XCPE 
ICL7632XCPE 



Triple op amps with internal 
compensation (ICL7631) and 
no compensation (ICL7632). 

Adjustable Iq 

Same pin configuration as 

ICL8023. 



16 PIN DIP (TOP VIEW) 
(outline dwgs JE, PE) 




1| 2| 3| 4| 5| 6 7| 8| 

NC -IN* +IN* OUT, V+ Iqc -INc +INc 
SET 

Note: pins 5 and 15 are internally connected. 



ICL7641XCPD 
ICL7642XCPD 



Quad op amps with internal 

compensation. 

Iq fixed at 1mA (ICL7641) 

Iq fixed at lOjuA (ICL7642) 

Pin compatible with 

Texas Instr. TL084 

National LM324 

Harris HA4741 



14 PIN DIP (TOP VIEW) 
(outline dwg JD, PD) 



OUTo -INo +INo V- +iNc -INc OUTc 
14 13 1 12 1l| 10 9 1 8 




12 3 4| 5 6 

OUT* -IN* +IN* V+ +IN, -IN, OUT, 



Figure 1: Pin Configurations (Cont.) 
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S iCLTexX 



^ 



^DIMini^DIL 



■i » OUTPUT 




r TABLE Of JUMPERS | 


j ICL 7611 


B F. H 


; ICL 7612 


B F H 


• ICL 7613 


8 r H 


• !CL 7614 


C D. E 


■ ICL 761& 


C, O. E 


ICL 7621 


C. E 


I ICL 7622 ^ 


C E 


ICL 7631 


B. F, H 


ICL 7632 


B F H 


ICL 7641 


C G 


ICL 7642 


L. *'. _ 



NOTES 

1 HIGH VALUE THIN FILM RESISTORS ARE PRESENT ONLY ON 
ICL 7613 AND 7616 FOR ALL OTHER DEVICES. THEY ARE 
REPLACED BY DIRECT CONNECTIONS 

2 OFFSET NULLING PINS ARE NOT AVAILABLE ON TRIPLE 
(ICL 763X) AND QUAD (ICL 764X) VERSIONS 

3 Iq AND COMP TERMINALS ARE METAL MASK OPTIONS OF THE 
SAME BONDING PAD. ONLY ONE OF THESE FUNCTIONS IS 
AVAILABLE IN A GIVEN DEVICE 

4 FOR INTERNALLY COMPENSATED VERSIONS ONLY THIS 
CAPACITOR IS ABSENT FOR ALL OTHER DEVICES 



<IQ/COMP® 



Figure 2: Functional Diagram 
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ICL76XX 

ABSOLUTE MAXIMUM RATINGS 

Total Supply Voltage V"^ to V" 18V 

Input Voltage V" -0.3 to V"^ +0.3V 

Input Voltage ICL7613/15 Only 

V" -200V to V"^ +200V 
Differential Input Voltaget21...±[(V+ +0.3) -(V -0.3)]V 

Differential Input Voltage^^J ICL7613/15 Only 

±[(V"^ +200)-(V- -200)]V 
Duration of Output Short Circuit^^^ Unlimited 



Continuous Power Dissipation 

@25X , Above 250C 

^ derate as below: 

TO-99 250mW 2mW/X 

8 Lead Minidip 250mW 2mW/°C 

14 Lead Plastic 375mW 3mW/°C 

14 Lead Cerdip 500mW 4mW/°C 

16 Lead Plastic 375mW 3mW/°C 

16 Lead Cerdip 500mW 4mW/X 

Storage Temperature Range - 65°C to +1 50°C 

Operating Temperature Range 

M Series -55°C to +125°C 

C Series 0°C to +70°C 

Lead Temperature (Soldering, lOsec) 300^*0 

Notes: 

1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings only, and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 

2. Long term offset voltage stability will be degraded if large input differential voltages are applied for long periods of time. 

3. The outputs may be shorted to ground or to either supply, for VsuPP ^ 10V. Care must be taken to insure that the dissipation rating is not exceeded. 

ELECTRICAL CHARACTERISTICS (761X and 762X ONLY) 

(VsUPPLY = ^S.OV, Ta = 25°C, unless otherwise specified.) 



■•a 
9 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


76XXA 


76XXB 


76XXD 


UNIT 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


Vqs 


Input Offset Voltage 


Rs<100ka Ta = 25°C 

Tmin ^ Ta < Tmax 






2 
3 






5 
7 






15 
20 


mV 


AVos/AT 


Temperature Coefficient of Vqs 


Rs<100kr2 




10 






15 






25 




mV/x 


Iqs 


Input Offset Current 


Ta = 25X 
ATa = C(2) 
ATa = M(2) 




0.5 


30 
300 
800 




0.5 


30 
300 
800 




0.5 


30 
300 
800 


pA 


'bias 


Input Bias Current 


Ta = 25X 
ATa = C 
ATa = M 




1.0 


50 
400 
4000 




1.0 


50 
400 
4000 




1.0 


50 
400 
4000 


pA 


VCMR 


Common Mode Voltage Range 
(Except ICL7612) 


OOO 

ill 


±4.4 
±4.2 
±3.7 






±4.4 
±4.2 
±3.7 






±4.4 
±4.2 
±3.7 






V 


VCMR 


Extended Common Mode Voltage 
Range (ICL7612 Only) 


Iq = 10//A 


±5.3 






±5.3 






±5.3 






V 


Iq = 100mA 


+ 5.3 
-5.1 






+ 5.3 
-5.1 






+ 5.3 
-5.1 






lQ = 1mA 


+ 5.3 
-4.5 






+ 5.3 
-4.5 






+ 5.3 
-4.5 






Vqut 


Output Voltage Swing 

• 


(1) Iq = 10/l(A, Rl=1M12 
Ta = 25°C 
ATa = C 
ATa = M 


±4.9 
±4.8 
±4.7 






±4.9 
±4.8 
±4.7 






±4.9 
±4.8 
±4.7 






V 


Iq = 100/xA, RL=100k^ 
Ta = 25X 
ATa = C 
ATa = M 


±4.9 
±4.8 
±4.5 






±4.9 
±4.8 
±4.5 






±4.9 
±4.8 
±4.5 






(1) lQ = 1mA. RL=10ki7 
Ta = 25°C 
ATa = C 
ATa = M 


±4.5 
±4.3 
±4.0 






±4.5 
±4.3 
±4.0 






±4.5 
±4.3 
±4.0 
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S ICL76XX 
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ELECTRICAL CHARACTERISTICS (761X and 762X ONLY) (CONT.) 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


76XXA 


76XXB 


76XXD 


UNIT 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


AvOL 


Large Signal Voltage Gam 


Vo = ±4.0V, RL=1Mn 
Iq = 10mA(^), Ta = 25°C 
ATa = C 
ATa=M 


86 
80 
74 


104 




80 
75 
68 


104 




80 
75 
68 


104 




dB 


Vo='±4.0V, RL=100kfi 
Iq = 100mA, Ta = 25°C 
ATa = C 
ATa=M 


86 
80 
74 


102 




80 
75 
68 


102 




80 
75 
68 


102 




Vo = ±4.0V, RL=10kS^ 
lQ=1nnA(^), Ta = 25°C 
ATa = C 
ATa = M 


80 
76 
72 


83 




76 
72 
68 


83 




76 
72 
68 


83 




GBW 


Unity Gain Bandwidth 


III 

II II II 




0.044 
48 
1.4 






0.044 
0.48 
1.4 






0.044 
0.48 
1.4 




MHz 


RjN 


Input Resistance 






10^2 






10^2 






10^2 




a 


CMRR 


Comnfion Mode Rejection Ratio 


Rs<100ka lQ = 10iuA(^) 
Rs<100kf2, Iq = 100mA 
Rs<100ka lQ=1mA(^) 


76 
76 
66 


96 
91 
87 




70 
70 
60 


96 
91 
87 




70 
70 
60 


96 
91 
87 




dB 


PSRR 


Power Supply Rejection Ratio 


Rs<100kU Iq=10mA(^> 
Rs<100kU Iq- 100mA 
Rs<100ka lQ=1mA(^) 


80 
80 
70 


94 
86 
77 




80 
80 
70 


94 
86 
77 




80 
80 
70 


94 
86 
77 




dB 


en 


Input Referred Noise Voltage 


RS=100U f=1kHz 




100 






100 






100 




nV/VFE 


in 


Input Referred Noise Current 


Rs=100U f=1kHz 




0.01 






0.01 






0.01 




PA/VFE 


'supply 


Supply Current 
(Per Anfiplifier) 


No Signal, No Load 
Iq SET= +5V^^) 
Iq set = OV 
Iq SET=-5V(^) 




0.01 
0.1 
1.0 


0.02 
0.25 
2.5 




0.01 
0.1 
1.0 


0.02 
0.25 
2.5 




0.01 
0.1 
1.0 


0.02 
0i25 
2.5 


mA 


V01/V02 


Channel Separation 


AvOL = 100 




120 






120 






120 




dB 


SR 


Slew Rate<3) 


AvOL = 1. CL-100pF 
V|N = 8Vp-p 

Iq=10mA<^I RL=1Mi2 
lQ=100iLiA, RL=100kS2 
lQ = 1mA<^),RL=10kJ2 




0.016 
0.16 
1.6 






0.016 
0.16 
1.6 






0.016 
0.16 
1.6 




V/MS 


tr 


Rise Time<3) 


V|N = 50mV, CL = 100pF 
Iq = 10mA<^). Rl=1MJ2 
Iq = 100mA, RL=100ki2 
lQ = 1mA(^>, RL=10kn 




20 
2 
0.9 






20 
2 
0.9 






20 
2 
0.9 




MS 




Overshoot Factor^^^ 


V|N = 50mV, CL=100pF 
|Q = 10MA^ RL=1Mf2 
Iq = 100mA, RL=100kS2 
lQ = 1mA\ RL=tOkr2 




5 

10 
40 






5 
10 
40 






5 
10 
40 




% 



NOTES: 1. ICL7611, 7612, 7613 only. 



2. C = Commercial Temperature Range: 0°C to + 70°C 
M = Military Temperature Range: -55'*C to +125''C 



3. ICL7614/15; 39pF from pin 6 to pin. 



ELECTRICAL CHARACTERISTICS (761X AND 762X ONLY) 

(VsuPPLY = ±1-0V, lQ=10iuA. Ta = 25°C, unless otherwise specified. Specs apply to ICL7611/7612/7613 only.) 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


76XXA 


76XXB 


UNIT 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


Vqs 


Input Offset Voltage 


Rs<100ka Ta = 25»C 

Tmin ^ Ta < Tmax 






2 
3 






5 
7 


mV 


AVos/AT 


Temperature Coefficient of Vqs 


RS < lOOk^ 




10 






15 




mV/x 



4-^0 
Note: All typical values have been guaranteed by characterization and are not tested. 



ICL76XX 

ELECTRICAL CHARACTERISTICS (761X AND 762X ONLY) (CONT.) 






SYMBOL 


PARAMETER 


TEST CONDITIONS 


76XXA 


76XXB 


UNIT 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


'OS 


Input Offset Current 


Ta = 25X 
ATa = C 




0.5 


30 
300 




0.5 


30 
300 


pA 


'bias 


Input Bias Current 


Ta = 25°C 
ATa = C 




1.0 


50 
500 




1.0 


50 
500 


pA 


VCMR ' 


Common Mode Voltage Range 
(Except ICL7612) 




±0.6 






±0.6 






V 


VCMR 


Extended Common Mode Voltage 
Range (ICL7612 Only) 




+ 0.6 

to 
-1.1 






+ 0.6 

to 

-1.1 






V 


Vout 


Output Voltage Swing 


RL = 1Ma Ta = 25°C 
ATa = C 




±0.98 
±0.96 






±0.98 
±0.96 




V 


AvOL 


Large Signal Voltage Gam 


Vo = ±0.1V, RL=1Mfi 
Ta = 25°C 
ATa = C 




90 
80 






90 
80 




dB 


GBW 


Unity Gam Bandwidth 






0.044 






MHz 






R|N 


Input Resistance 






10^2 






10^2 






CMRR 


Common Mode Rejection Ratio 


RS < 100ki2 




80 






80 






PSRR 


Power Supply Rejection Ratio 


Rs < 100kn 




80 






80 




dB 


©n 


Input Referred Noise Voltage 


Rs=100a f=1kHz 




100 






100 




nV/VFE 


•n 


Input Referred Noise Current 


Rs = 10012, f=1kHz 




0.01 






0.01 




PA/VFE 


ISUPPLY 


Supply Current 
(Per Amplifier) 


No Signal. No Load 




6 


15 




6 


15 


HA 


SR 


Slew Rate 


AvOL = 1. CL=100pF 
V,N = 0.2Vp-p 
RL=1Mn 




0.016 






0.016 




V/ms 


tr 


Rise Time 


V|N = 50mV, CL=100pF 
RL=lMfl 




20 






20 




MS 




Overshoot Factor 


V|N = 50mV, Cl=100pF 
Rl=1M^ 




5 






5 




% 



NOTE: C = Commercial Temperature Range (0°C to +70°C) M = Military Temperature Range (-55"'C to +125'*C). 

ELECTRICAL CHARACTERISTICS (763X, 764X ONLY) 

(VsupPLY = iS.OV, Ta = 25°C, unless otherwise specified.) 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


76XXC (6) 


76XXE (6) 


UNIT 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


vos 


Input Offset Voltage 


Rs<100kn, Ta = 25°C 

Tmin ^ Ta < Tmax 






10 
15 






20 

25 


mV 


AVos/AT 


Temperature Coefficient of Vqs 


Rs<100kr2 (Note 5) 




20 






30 






los 


Input Offset Current 


Ta = 25°C 
ATa = C 
ATa = M 




0.5 


30 
300 
800 




0.5 


30 
300 
800 


pA 


'bias 


Input Bias Current 


Ta = 25X 
ATa = C 
ATa = M 




1.0 


50 
500 
4000 




1.0 


50 
500 
4000 


pA 


VcMR 


Common Mode Voltage Range 


lQ=10/iiA(^) 
Iq-100mA(3) 

lQ=1mA(2) 


±4.4 
±4.2 
±3.7 






±4.4 
±4.2 
±3.7 






V 
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IS ICL76XX 



s 



ELECTRICAL CHARACTERISTICS (^SSX, 764X ONLY) I 


[CON 


T.) 












SYMBOL 


PARAMETER 


TEST CONDITIONS 


76XXC (6) 


76XXE (6) 


UNIT 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


VOUT 


Output Voltage Swing 


(1) Iq = 10mA, RL=1Mn 
Ta = 25X 
ATa = C 
ATa = M 


±4.9 
±4.8 
±4.7 






±4.9 
±4.8 
±4.7 






V 


Iq = 100/uA, RL=100kS2 
(3) Ta = 25°C 
ATa = C 
ATa = M 


±4.9 
±4.8 
±4.5 






±4.9 
±4.8 
±4.5 






(2) lQ = 1mA, RL = 10kJ2 
Ta = 25°C 
ATa==C 
ATa = M 


±4.5 
±4.3 
±4.0 






±4.5 
±4.3 
±4.0 






AVOL 


Large Signal Voltage Gain 


Vo = ±4.0V, RL = 1Mn(^) 
Iq=10juA(^), Ta = 25°C 
ATa = C 
ATa = M 


80 
75 
68 


104 




80 
75 
68 


104 




dB 


Vo = ±4.0V, RL=100k^<3> 
Iq=100juA. Ta = 25°C 
ATa = C 
ATa = M 


80 
75 
68 


102 




80 
75 
68 


102 




Vq = ±4.0V, RL=10kn<2) 
lQ=1mA(^), Ta = 25"'C 
ATa = C 
ATa = M 


80 
75 
68 


98 




80 
75 
68 


98 




GBW 


Unity Gain Bandwidth 


Iq=10mA^^) 

lQ=100iuA<3) 

lQ=1mA<2) 




0.044 
0.48 
1.4 






0.044 
0.48 
1.4 




MHz 


R|N 


Input Resistance 




10^2 






10^2 




a 




CMRR 


Common Mode Rejection Ratio 


Rs<100kU lQ = 10iuA<^) 
Rs<100ka Iq = 100/uA 
Rs<100ka lQ = 1mA^2) 


70 
70 
60 


96 
91 
87 




70 
70 
60 


96 
91 
87 




dB 


PSRR 


Power Supply Rejection Ratio 


Rs<100ka lQ=10iuA(^) 
Rs<100kn, lQ=100iuA 
Rs<100ka lQ=1mA(2) 


80 
80 
70 


94 
86 
77 




80 
80 
70 


94 
86 
77 




dB 


©n 


Input Referred Noise Voltage 


Rs = 100a f=^1kHz 




100 






100 




nV/VlHi 


In 


Input Referred Noise Current 


Rs=100a f = 1kHz 




0.01 






0.01 




pA/VHi 


'supply 


Supply Current 
(Per Amplifier) 


No Signal, No Load 
7642 ONLY 

lQ=10jLtA(^) 

lQ = 100juA 
lQ=1mA<2) 




0.01 

0.01 
0.1 
1.0 


0.03 

0.022 
0.25 
2.5 




01 

0.01 
0.1 
1.0 


0.03 

0.022 
0.25 
2.5 


mA 


V01/V02 


Channel Separation 


AvOL=100 




120 






120 




dB 


SR 


Slew Rate^"*) 


AV0L=1. CL=100pF 
V,N = 8Vp-p 

Iq=10mA<^), Rl = 1M« 
lQ=100AiA, RL=100kfi 
lQ = 1mA<^),RL=10kn<2) 




0.016 
0.16 
1.6 






0.016 
0.16 
1.6 




V/ms 


tr 


Rise Time<^> 


V|N = 50mV, CL=100pF 
Iq = 10mA<''), RL = 1Mn 
Iq=100mA, RL=100kfi 
lQ = 1mA<2), RL = 10ka 




20 
2 
0.9 






20 
2 
0.9 




MS 
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ICL76XX 

ELECTRICAL CHARACTERISTICS (763X, 764X ONLY) (CONT.) 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


76XXC (6) 


76XXE (6) 


UNIT 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 




Overshoot Factor^"^) 


ViN-SOmV, CL=100pF 
Iq = 10/xA(^>. RL=1Mn 
lQ = 100AiA. RL»100kn 




5 

10 
40 






5 
10 
40 




% 



NOTES: 1. Does not apply to 7641. For Test Conditions: 

2. Does not apply to 7642. C = Commercial Temperature Range: O'C to + 70*'C 

3. ICL7631/32 only. M « Military Temperature Range: -55°C to +125^ 

4. Does not apply to 7632. 

ELECTRICAL CHARACTERISTICS (763X AND 764X ONLY) 

(VsuPPLY^^lOV, Iq = 10mA, Ta = 25°C, unless otherwise specified. Specs apply to ICL763 1/7632/7642 only.) 



■"I 
0> 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


76XXC 


UNIT 


MIN 


TYP 


MAX 


Vqs 


Input Offset Voltage 


RS < 100ka Ta = 25°C 

Tmin ^ Ta < Tmax 






10 
12 


mV 


AVos/AT 


Temperature Coefficient of Vqs 


Rs < 100kl2 




20 




/uV/X 


IQS 


Input Offset Current 


Ta = 25X 
ATa = C 




0.5 


30 
300 


pA 


'bias 


input Bias Current 


Ta = 25-C 
ATa-C 




1.0 


50 
500 


pA 


VCMR 


Common Mode Voltage Range 




±0.6 






V 


Vqut 


Output Voltage Swing 


RL=1Ma TA-aSX 
ATa = C 




±0.98 
±0.96 




V 


AvOL 


Large Signal Voltage Gam 


Vo = ±0.1V. RL=1Mi2 

Ta = 25»C 

ATa«C 




90 
80 




dB 


GBW 


Unity Gain Bandwidth 




0.044 






MHz 


R|N 


Input Resistance 




10^2 






n 


CMRR 


Common Mode Rejection Ratio 


Rs<100ki2 




80 




dB 


PSRR 


Power Supply Rejection Ratio 




80 






dB 


en 


Input Referred Noise Voltage 


RS = 100«, f=1kHz 




100 




nV/VHi 


in 


Input Referred Noise Current 


Rs=100a f = 1kHz 




0.01 




PA/Vfli 


•supply 


Supply Current 
(Per Amplifier) 


No Signal, No Load 




6 


15 


tiA 


V01/VO2 




AvoL=100 




120 




dB 


SR 


Slew Rate 


AV0L=1. CL = 100pF 
V|N = 0.2Vp-p 
RL = 1Mn 




d.016 




V//LIS 


tr 


Rise Time 


V|N-50mV, CL=100pF 
RL=1Mjr2 




20 




MS 




Overshoot Factor 


V|N = 50mV, Ct^lOOpF 
Rl = tMfi 




5 




% 



NOTE: C = Commercial Temperature Range (O'C to + 70°C) 
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g ICL76XX 
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TYPICAL PERFORMANCE CHARACTERISTICS 



SUPPLY CURRENT PER AMPLIFIER 

AS A FUNCTION OF SUPPLY 

VOLTAGE 



SUPPLY CURRENT PER AMPLIFIER 

AS A FUNCTION OF FREE-AiR 

TEMPERATURE 



INPUT BIAS CURRENT AS A 
FUNCTION OF TEMPERATURE 
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1 1 






+25C 
33pF FOR 




0=^101 


)pA 
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COMMON MODE REJECTION RATIO 
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>0 -25 +25 +50 +75 +100 +125 
FREE-AIR TEMPERATURE - "C 



POWER SUPPLY REJECTION RATIO 

AS A FUNCTION OF FREE-AIR 

TEMPERATURE 



EQUIVALENT INPUT NOISE 

VOLTAGE AS A FUNCTION OF 

FREQUENCY 



PEAK-TO-PEAK OUTPUT VOLTAGE AS 
A FUNCTION OF FREQUENCY 
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Note: All typical values have been guaranteed by characterization and are not tested. 



ICL76XX 

TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 
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MAXIMUM PEAK-TO-PEAK OUTPUT 

VOLTAGE AS A FUNCTION OP 

FREQUENCY 



MAXIMUM PEAK-TO-PEAK OUTPUT 

VOLTAGE AS A FUNCTION OF 

SUPPLY VOLTAGE 



MAXIMUM PEAK-TO-PEAK VOLTAGE 

AS A FUNCTION OF FREE-APR 

TEMPERATURE 
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Note: All typical values have been guaranteed by characterization and are not tested. 
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DETAILED DESCRIPTION 



"" Static Protection 

Air devices are static protected by the use of Input 
diodes. However, strong static fields should be avoided, as 
It Is possil?le for the strong fields to cause degraded diode 
junction characteristics, which may result in Increased input 
leakage currents. 

Latchup Avoidance 

Junction-isolated CMOS circuits employ configurations 
which produce a parasitic 4-layer (p-n-p-n) structure. The 4- 
layer structure has characteristics similar to an SCR, and 
under certain circumstances may be triggered into a low 
Impedance state resulting in excessive supply current. To 
avoid this condition, no voltage greater than O.SV beyond 
the supply rails may be applied to any pin. (An exception to 
this rule concerns the injiuts of the ICL7613 and ICL7615, 
which are protected to ±200V.) In general, the op-amp 
supplies must be established simultaneously with, or before 
any input signals are applied. If this Is not possible, the drive 
circuits fnust limit input current flow to 2mA to prevent 
latchup. 

Choosing the Proper \q 

Each device in the ICL76XX family has a similar Iq set-up 
scheme, which allows the amplifier to be set to nominal 
quiescent currents to lOjuA, lOOjitA or 1mA. These current 
settings change only very slightly over the entire supply 
voltage range. The ICL7611/12/13 and ICL7631/32 have 
an external Iq control terminal, permitting user selection of 
each amplifiers' quiescent current. (The ICL7614/15, 7621/ 
22, and 7641 /42 have fixed Iq settings — refer to selector 
guide for details.) To set the Iq of programmable versions, 
connect the Iq terminal as follows: 

Iq = lOjuA — Iq pin to V"*" 

Iq = 100/xA — In pin to ground. If this is not possible, any 
voltage from V -0.8 to V~ +0.6 can be used. 

lQ = 1mA-— Iq pin to V~ 

NOTE: The negative output current available Is a function of 
the quiescent current setting. For maximum p-p output 
voltage swings Into low impedance loads, Iq of 1 mA should 
be selected. 

Output stage and Load Driving 
Considerations 

Each amplifiers' quiescent current flows primarily in the 
output stage. This Is approximately 70% of the Iq settings. 
This allows output swings to almost the supply rails for 
output loads of IMH, 100kn, and lOkfZ, using th^ output 
stage In a highly linear class A mode. In this mode, 
crossover distortion is avoided and the voltage gain is 
maximized. However, the output stage can also be operated 
in Class AB for higher output currents. (See graphs under 
Typical Operating Characteristics). During the transition 
from Class A to Class B operation, the output transfer 
characteristic Is non-linear and the voltage gain decreases. 

A special feature of the output stage Is that It approxi- 
mates a transconductance amplifier, and its gain Is directly 
proportional to load Impedance. Approximately the same 
open loop gains are obtained at each of the Iq settings if 
corresponding loads of 10kS2, 100kl2, and 1MS2 are used. 



input Offset Nulling 

For those models provided with OFFSET NULLING pins, 
nulling may be achieved by connecting a 25K pot between 
the OFFSET terminals with the wJp^r connected to V "^ . At 
quiescent currents of 1mA and 100/xA, the nulling range 
provided is adequate for all Vqs selections; however with 
Iq = lOjuA, nulling may not be possible with higher values of 
Vqs- 

Frequency Compensation 

The ICL761 1/12/13, 7621/22, 7631, 7641/42 are inter- 
nally compensated, and are stable for closed loop gains as 
low as unity with capacltive loads up to lOOpF 

The ICL7614/15 are externally compensated by connect- 
ing a capacitor between the COMP and OUT pins. A 39pF 
capacitor Is required for unity gain compensation; for 
greater than unity gain applications, increased bandwidth 
and slew rate can be obtained by reducing the value of the 
compensating capacitor. Since the gm of the first stage is 
proportional to y/\^, greatest compensation Is required 
when lQ=1mA. 

The ICL7632 is not compensated Internally, nor can it be 
compensated externally. The device is stable when used as 
follows: 

Iq of 1 mA for gains > 20 

Iq of lOOjuA for gains > 10 

Iq of lOjuA for gains > 5 

High Voltage Input Protection 

The ICL7613 and 7615 include on-chip thin film resistors 
and clamping diodes which allow voltages of up to ±200V to 
be applied to either input for an indefinite time without 
device failure. These devices will be useful where high 
common mode voltages, differential mode voltages, or high 
transients may be experienced. Such conditions may be 
found when interfacing separate systems with separate . 
supplies. Unity gain stability is somewhat degraded with 
capacltive loads because of the high value of input resis- 
tors. 

Extended Common IMode input Range 

The ICL7612 incorporates additional processing which 
allows the input CMVR to exceed each power supply rail by 
0.1 volt for applications where VsuPP ^ ±1-5V. For those 
applications where VsuPP - -''■5V, the input CMVR is 
limited in the positive direction, but may exceed the 
negative supply rail by 0.1 volt In the negative direction (eg. 
for VsuPP = ±1 -OV, the input CMVR would be + 0.6 volts to 
-1.1 volts). 

OPERATION AT VsuPP = ±10 VOLTS 

Operation at VsuPP = ±1.0V Is guaranteed at Iq = lOjuA 
only. This applies to those devices with selectable Iq, and 
devices that are set internally to Iq = lO/uA (i.e., ICL7611, 
7612, 7613, 7631, 7632, 7642). 

Output swings to within a few millivolts of the supply rails 
are achievable for Rl ^ 1 MSI. Guaranteed Input CMVR Is 
±0.6V minimum and typically +0.9V to -0.7V at 
VsuPP = -1-0V. For applications where greater common 
mode range is desirable, refer to the description of ICL7612 
above. 

The user is cautioned that, due to extremely high input 
impedances, care must be exercised In layout, construction, 
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ICL76XX 



board cleanliness, and supply filtering to avoid hum and 
noise pickup. 

APPLICATIONS 

Note that in no case is Iq shown. The value of Iq must be 
chosen by the designer with regard to frequency response 
and power dissipation. 
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WAVEFORM GENERATOR 

LC00820I 

Since the output range swings exactly from rail to rail, frequently 
and duty cycle are virtually independent of power supply vanatlons. 

Figure 6: Precise Triangle/Square Wave 
Generator 
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*By using the ICL7612 in these applications, the circuits wHI follow 
rail to rail inputs. 

Figure 4: Level Detector* 
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Figure 7: Averaging AC to DC Converter 

for A/D Converters Sucli as ICL7106, 

7107, 7109, 7116, 7117 
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*Low leakage currents allow integration times up to several hours. 

Figure 5: Photocurrent Integrator 



500k, 1% 
AAAr- 




1M, 1% 

AA/V— — « V- 



Note that AvoL = 25, single Ni-cad battery operation. Input current 
(from sensors connected to patient) limited to < 5/liA under fault 
conditions. 

Figure 8: Medical Instrument Preamp 
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The low bias currents permit high resistance and low capacitance values to be used to achieve low frequency cutoff fc = 10Hz, AvcL = 4, Passband 

ripple = 0.1dB 

*Note that small capacitors (25-50pF) may be needed for stability in some cases. 

Figure 9: Fifth Order Chebyshev l^ultiple Feedbacl( Low Pass Filter 




Note that Iq on each amplifier may be different. AvcL= 10. 
Q = 100, fo = 100Hz. 

Figure 10: Second Order Biquad Bandpass 
Filter 



(^ NOTE 1 




NOTES: 

1. For devices with external compensation, use 33pF. 

2. For devices with programmable standby current, connect 
Iq pin to V~ (Iq = 1mA mode). 

Figure 11: Burn-In and Life Test Circuit 
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Figure 12: Vqs Null Circuit 
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Figure 13: Unity Gain Frequency 
Compensation 
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^ Chopper-Stabilized 
2 Operational Amplifier 




GENERAL DESCRIPTION 

The ICL7650 cliopper-stabilized amplifier is a high- 
performance device which offers exceptionally low offset 
voltage and input-bias parameters, combined with excellent 
bandwidth and speed characteristics. Intersil's unique 
CMOS approach to chopper-stabilized amplifier design 
yields a versatile precision component that can replace 
more expensive hybrid or monolithic devices. 

The chopper amplifier achieves its low offset by compar- 
ing the inverting and non-inverting input voltages in a nulling 
amplifier, nulled by alternate clock phases. Two external 
capacitors are required to store the correcting potentials on 
the two amplifier nulling inputs; these are the only external 
components necessary. 

The clock oscillator and all the other control circuitry is 
entirely self-contained, however the 14-pin version includes 
a provision for the use of an external clock, if required for a 
particular application. In addition, the ICL7650 is internally 
compensated for unity-gain operation. 

ORDERING INFORMATION 



PART 


TEMPERATURE 
RANGE 


PACKAGE 


ICL7650CPA-1 


0**C to + 70X 


8-PIN Plastic 


ICL7650BCPA-1 


0*C to +70X 


8-PIN Plastic 


ICL7650CPD 


O^'C to +70*'C 


14-PIN Plastic 


ICL7660BCPD 


O'^C to +70**C 


14-PIN Plastic 


ICL7650CTV-1 


0°C to +70*0 


8-PIN TO-99 


ICL7650BCTV-1 


O^'C to +70°C 


8-PIN TO-99 


ICL7650IJA-1 


-25X to +85X 


8-PIN CERDIP 


ICL7650BIJA-1 


-25°C to +85''C 


8-PIN CERDIP 



FEATURES 

• Extremely Low Input Offset Voltage — 2mV 

• Low Long-Term and Temperature Drifts of Input 
Offset Voltage 

• Low DC Input Bias Current — lOpA (20pA 7650B) 

• Extremely High Gain, CMRR and PSRR — Min 
120dB 

• High Slew Rate — 2.5V/ms 

• Wide Bandwidth — 2MHz 

• Unity-Gain Compensated 

• Very Low Intermodulation Effects (Open Loop 
Phase Shift < 10°C @ Chopper Frequency) 

• Clamp Circuit to Avoid Overload Recovery 
Problems and Allow Comparator Use 

• Extremely Low Chopping Spikes at Input and 
Output 



PART 


TEMPERATURE 
RANGE 


PACKAGE 


ICL7650IJD 


-25°C to +85''C 


14-PIN CERDIP 


ICL7650BIJD 


-25*'C to +85''C 


14-PIN CERDIP 


ICL7650ITV-1 


-25*C to +85''C 


8-PIN TO-99 


ICL7650BITV-1 


-aS^'C to +85''C 


8-PIN TO-99 


ICL7650MJD 


-ss'-c to -nasx 


14-PIN CERDIP 


ICL7650BMJD 


-55''C to +125''C 


14-PIN CERDIP 


ICL7650MTV-1 


-55°C to +125*0 


8-PIN TO-99 


ICL7650BMTV-1 


-55X to +125°C 


8-PIN TO-99 




CextaC 1 
-InL 2 

v-C 



t JCeXTB 
7 Jv + yCASE 
6 JOUTPUT 
S Jcretn 



CextbC 
CextaC 2 

NC<GUARO) C 3 
-InC 4 
-^InC 5 

NC(GUARO)[ 6 



4 ]iNT/i)fr 

13 JEXTCLKIN 
12 ]lNTCLKOUT 



lip 
10 



OUTPUT 
3 OUTPUT CLAMP 
3 CreTN 




output clamp 
Cretn<-i> 



8 LEAD TO • 99 



Figure 1: Functional Diagram 



Figure 2: Pin Configuration 
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ABSOLUTE MAXIMUM RATINGS 

Total Supply Voltage (V"^ to V") 18 Volts 

Input Voltage (V^ +0.3) to (V"-0.3) Volts 

Voltage on oscillator control pins V"*" to V~ 

except EXT CLOCK IN: ...(V^ +0.3) to (V"^ -6.0) Volts 

Duration of Output short circuit Indefinite 

Current Into any pin 1 0mA 

—while operating (Note 4) lOOjuA 



in 
o 



Com. Total Power Dissipn (Ta = 25°C) 

CERDIP Package 500mW 

Plastic Package 375mW 

TO-99 250mW 

Storage Temp. Range -65°C to 150°C 

Operating Temp. Range.. See Note 1 

Lead Temperature (Soldering, 10sec) 300X 



Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to 
absolute maximum rating conditions for extended penods may affect device reliability. 

ELECTRICAL CHARACTERISTICS 

Test Conditions: V* = +5V, V" = -5V, Ta= +25°C, (unless otherwise specified) 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


LIMITS 7660 


LIMITS 7650B 


UNIT 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


Vqs 


Input Offset Voltage 


Ta= +25°C 
-25°C<Ta< +85°C 
-55X<Ta< +125°C 




±2 
±5 


±5 
±50 




±2 
±5 


±10.0 
±75 


mv 


AVos 
AT 


Average Temp. Coefficient 
of Input Offset Voltage 


-25°C<Ta< +85°C 




0.1 






0.1 




, mV/°c 


AVos 
At 


Change in Input 
Offset Voltage 
With Time 






100 






100 




nV/ month 


■bias 


Input Bias Current 
{doubles every 10°C) 
Polarity is + or - 
(Note 5) 


Ta= +25°C 
0X<Ta<+70°C 

-25°C<Ta< +85°C 




±1.5 
±35 

±100 


±10 




±1.5 
±35 

±100 


±20 


pA 


Iqs 


Input Offset Current (Note 5) 


Ta = 25°C 




5.0 






5.0 




pA 


R|N 


Input Resistance 






10^2 






10^2 




n 


AVOL 


Large Signal Voltage Gam 


RL=10k^ 


1x10^ 


5x10® 




1x10® 


5x10® 




V/V 


Vqut 


Output Voltage Swing 
(Note 3) 


RL=10k^ 
RL=100kS2 


±4.7 


±4.85 
±4.95 




±4.7 


±4.85 
±4.95 




V 


CMVR 


Common Mode Voltage 
Range 




-5.0 


-5.2 to 
+ 2.0 


1.5 


-5.0 


-5.2 to 
+ 2.0 


1.5 


V 


CMRR 


Common Mode Rejection 
Ratio 


CMVR--5V to +1.5 


110 


120 




110 


120 




dB 


PSRR 


Power Supply Rejection Ratio 


±3V to ±8V 


120 


130 




120 


130 




dB 


en 


Input Noise Voltage 


Rs = 100n 
f = to 10Hz 




2 






2 




MVp-p 


"n 


Input Noise Current 


f = 10Hz 




0.01 






0.01 




pA/VFii 


GBW 


Unity Gain Bandwidth 






2.0 






2.0 




MHz 


SR 


Slew Rate 


CL = 50pF, RL=10kn 




2.5 






2.5 




V/MS 


tr 


Rise Time 






0.2 






0.2 




MS 




Overshoot 






20 






20 




% 


V+ to V- 


Operating Supply Range 




4.5 




16 


4.5 




16 


V 


ISUPP 


Supply Current 


no load 




2.0 


3.5 




2.0 


3.5 


mA 


fch 


Internal Chopping Frequency 


pins 12-14 open (DIP) 


120 


200 


375 


120 


200 


375 


Hz 




Clamp ON Current (note 2) 


RL=100kJ2 


25 


70 


150 


25 


70 


150 


mA 




Clamp OFF Current (note 2) 


-4.0V<Vout< +4.0V 




1 






1 




pA 



NOTES: 1. Operating temperature range for M series parts is -55*'C to +125°C, for I series is -25°C to +85°C, for C series is 0°C to 
+ 70X 

2. See OUTPUT CLAMP under detailed descnption. 

3. OUTPUT CLAMP not connected. See typical charactenstic curves for output swing vs clamp current charactenstics. 

4. Limiting input current to 100/uA is recommended to avoid latchup problems. Typically 1mA is safe, however this is not guaranteed. 

5. los = 2 • IbiaS 
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U TYPICAL PERFORMANCE CHARACTERISTICS 
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Figure 3: ICL7650/B Test Circuit 



DETAILED DESCRIPTION 
Amplifier 

The functional diagram shows the major elements of the 
ICL7650. There are two amplifiers, the main amplifier, and 
the nulling amplifier. Both have offset-null capability. The 
main amplifier is connected continuously from the input to 
the output, while the nulling amplifier, under the control of 
the chopping oscillator and clock circuit, alternately nulls 
itself and the main amplifier. The nulling connections, which 
are MOSFET gates, are inherently high Impedance, and two 
external capacitors provide the required storage of the 
nulling potentials and the necessary nulling-loop time con- 
stants. The nulling arrangement operates over the full 
common-mode and power-supply ranges, and is also inde- 
pendent of the output level, thus giving exceptionally high 
CMRR, PSRR, and AyOL- 

Careful balancing of the input switches, and the inherent 
balance of the input circuit, minimizes chopper frequency 
charge injection at the input terminals, and also the 
feedforward-type Injection into the compensation capacitor, 
which is the main cause of output spikes in this type of 
circuit. 

Intermodulation 

Previous chopper-stabilized amplifiers have suffered from 
intermodulation effects between the chopper frequency and 
input signals. These arise because the finite AC gain of the 
amplifier necessitates a small AC signal at the input. This is 
seen by the zeroing circuit as an error signal, which is 
chopped and fed back, thus injecting sum and difference 
frequencies and causing disturbances to the gain and 
phase vs. frequency characteristics near the chopping 
frequency. These effects are substantially reduced in the 
ICL7650 by feeding the nulling circuit with a dynamic 
current, corresponding to the compensation capacitor cur- 
rent, in such a way as to cancel that portion of the input 
signal due to finite AC gain. Since that is the major eirror 
contribution to the ICL7650, the interrriodulation and gain/ 
phase disturbances dre held to very low values, and can 
generally b^ Ignored. 

Capacitor Connection 

The null/storage capacitors should be connected to the 
Cexta and Cextb P«n§. with a common connection to the 
Cretn pin- This connection should be made directly by 
either a separate wire or PC trace to avoid injecting load 
current IR drops into the capacitive circuitry. The outside 
foil, where available, should be connected to Cretn. 



Output Clamp 

The OUTPUT CLAMP pin allows reduction of the over- 
load recovery time inherent with chopper-stabilized amplifi- 
ers. When tied to the inverting input pin, or summing 
junction, a current path between this point and the OUTPUT 
pin occurs just before the device output saturates. Thus 
uncontrolled input differential inputs are avoided, together 
with the consequent charge build-up on the correction- 
storage capacitors. The output swing is slightly reduced. 

Clock 

The ICL7650 has an internal oscillator giving a chopping 
frequency of 200Hz, available at the CLOCK OUT pin on the 
14-pln devices. Provision has also been ma de fo r the use of 
an external clock in these parts. The I NT/ EXT pin has an 
internal pull-up and may be left open for normal operation, 
but to utilize an external clock this pin must be tied to V" to 
disable the internal clock. The external clock signal may 
then be applied to the EXT. CLOCK IN pin. At low 
frequencies, the duty cycle of the external clock is not 
critical, since an internal divlde-by-two provides the desired 
50% switching duty cycle. However, since the capacitors 
are charged only when EXT CLK IN is HIGH, a 50-80% 
positive duty cycle is favored for frequencies above 500Hz 
to ensure that any transients have time to settle before the 
capacitors are turned OFF. The external clock should swing 
between V^ and GROUND for power supplies up to ±6V, 
and between V"*" and V"*" -6V for higher supply voltages. 
Note that a signal of about 400Hz will be present at the EXT 
CLK IN pin with INT/EXT high or open. This is the internal 
clock signal before the divider. 

In those applications where a strobe signal is available, 
an alternate approach to avoid capacitor misbalancing 
during overload can be used. If a strobe signal Is connected 
to EXT CLK IN so that it is low during the time that the 
overload signal is applied to the amplifier, neither capacitor 
will be charged. Since the leakage at the capacitor pins is 
quite low at room temperature, the typical amplifier will drift 
less than 1 0/uV/sec, and relatively long measurements can 
be made with little change in offset. 

BRIEF APPLICATION NOT|S 
Component Selection 

The two required capacitors, Cexta and Cextb. have 
optimum values depending on the clock or chopping 
frequency. For the preset internal clock, the correct value is 
0.1 mF, and to maintain the same relationship between the 
chopping frequency and the nulling time constant this value 
should be scaled approximately in proportion if an external 
clock is used. A high-quality film-type capacitor such as 
mylar is preferred, although a ceramic or other lower-grade 
capacitor may prove suitable in many applications. For 
quickest settling on initial turn-on, low dielectric absorbtion 
capacitors (such as polypropylene) should be used. With 
ceramic capacitors, several seconds may be required to 
settle to IjuV. 

Static Protection 

All device pins are static-protected by the use of input 
diodes. However, strong static fields and discharges should 
be avoided, as they can cause degraded diode junction 
characteristics, which may result in increased input-leakage 
currents. 
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Figure 4: Connection of Input Guards 



Latchup Avoidance 

Junction-Isolated CMOS circuits inherently Include a 
parasitic 4-layer (p-n-p-n) structure which has characteris- 
tics similar to an SCR. Under certain circumstances this 
junction may be triggered into a low-impedance state, 
resulting in excessive supply current. To avoid this condi- 
tion, no voltage greater than 0.3V beyond the supply rails 
should be applied to any pin. In general, the amplifier 
supplies must be established either at the same time or 
before any input signals are applied. If this is not possible, 
the drive circuits must limit input current flow to under 1 mA 
to avoid latchup, even under fault conditions. 

Output Stage/Load Driving 

The output circuit is a high-impedance type (approximate- 
ly 18kn), and therefore with loads less than this value, the 
chopper amplifier behaves in some ways like a transcon- 
ductance amplifier whose open-loop gain is proportional to 
load resistance. For example, the open-loop gain will be 
17dB lower with a 1kfi load than with a lOk^l load. If the 
amplifier Is used strictly for DC, this lower gain is of little 
consequence, since the DC gain Is typically greater than 
120dB even with a 1k^ load. However, for wideband 
applications, the best frequency response will be achieved 
with a load resistor of lOkH or higher. This will result in a 
smooth 6dB/octave response from 0.1 Hz to 2MHz, with 
phase shifts of less than 10° in the transition region where 
the main amplifier takes over from the null amplifier. 

Thermo-Electric Effects 

The ultimate limitations to ultra-high precision DC amplifi- 
ers are the thermo-electric or Peltier effects arising in 
thermocouple junctions of dissimilar metals, alloys, silicon, 
etc. Unless all junctions are at the same temperature, 
thermoelectric voltages typically around 0.1 mV/°C, but up to 
tens of iuV/°C for some materials, will be generated. In 
order to realize the extremely low offset voltages that the 
chopper amplifier can provide, it is essential to take special 
precautions to avoid temperature gradients. All components 
should be enclosed to eliminate air movement, especially 
that caused by power-dissipating elements in the system. 
Low thermoelectric-coefficient connections should be used 
where possible and power supply voltages and power 
dissipation should be kept to a minimum. High-impedance 
loads are preferable, and good separation from surrounding 
heat-dissipating elements is advisable. 



Guarding 

Extra care must be taken in the assembly of printed 
circuit boards to take full advantage of the low input 
currents of the ICL7650. Boards must be thoroughly 
cleaned with TCE or alcohol and blown dry with com- 
pressed air. After cleaning, the boards should be coated 
with epoxy or silicone rubber to prevent contamination. 

Even with properly cleaned and coated boards, leakage 
currents may cause trouble, particularly since the input pins 
are adjacent to pins that are at supply potentials. This 
leakage can be significantly reduced by using guarding to 
lower the voltage difference between the inputs and adja- 
cent metal runs. Input guarding of the 8-lead TO-99 
package is accomplished by using a 1 0-lead pin circle, with 
the leads of the device formed so that the holes adjacent to 
the inputs are empty when it is inserted in the board. The 
guard, which is a conductive ring surrounding the inputs, is 
connected to a low impedance point that is at approximate- 
ly the same voltage as the inputs. Leakage currents from 
high-voltage pins are then absorbed by the guard. 

The pin configuration of the 14-pln dual in-line package is 
designed to facilitate guarding, since the pins adjacent to 
the inputs are not used (this is different 1rom the standard 
741 and 101 A pin configuration, but corresponds to that of 
the LM108). 

Pin Compatibility 

The basic pinout of the 8-pin device corresponds, where 
possible, to that of the industry-standard 8-pin devices, the 
LM741, LM101, etc. The null-storing external capacitors are 
connected to pins 1 and 8, usually used for offset null or 
compensation capacitors, or simply not connected. The 
output-clamp pin (5) is similarly used. In the case of the OP- 
05 and OP-07 devices, the replacement of the offset-null 
pot, connected between pins 1 and 8 and V^, by two 
capacitors from those pins to V", will provide easy compati- 
bility. As for the LM108, replacement of the compensation 
capacitor between pins 1 and 8 by the two capacitors to V" 
is ail that is necessary. The same operation, with the 
removal of any connection to pin 5, will suffice for the 
LM101, mA749, and similar parts. 

The 14-pin device pinout corresponds most closely to 
that of the LM108 device, owing to the provision of "NC" 
pins for guarding between the input and all other pins. Since 
this device does not use any' of the extra pins, and has no 
provision for offset-nulling, but requires a compensation 
capacitor, some changes will be required in layout to 
convert it to the ICL7650. 
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S ieL7650 

S TYPICAL APPLICATIONS 

Clearly the applications of the ICL7,650 will mirror those 
of other op. amps. Anywhere that the performance of a 
circuit can be significantly improved by a reduction of input- 
offset voltage and bias current, the ICL7650 is the logical 
choice. Basic non-inverting ^hd inverting amplifier circuits 
are shown in Figures 5 and 6. Both circuits can use the 
output clamping circuit to enhance the overload recovery 
periformance. The only limitations on the replacement of 
other op amps by the ICL7650 are the supply voltage (±8V 
max.) and the output drive capability (10kf2 load for full 
swing). Even these limitations can be overcome using a 
simple booster circuit, as shown in Figure 7, to enable the 
full output capabilities of the LM741 (or any other standard 
device) to be combined with the input capabilities of the 
ICL7650. The pair form a composite device, so loop gain 
stability, when the feedback network is added, should be 
watched carefully. 
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Figure 5: Non Inverting Amplifier 
With (Optional Clamp) 

NOTE: R1//R2 INDICATES THE PARALLEL COMBINATION 

OF Ri AND R2 
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Figure 6: Inverting Amplifier 
With (Optional) Clamp 

NOTE: R1//R2 INDICATES THE PARALLEL COMBINATION 
OF Ri AND R2 



Figure 8 shows the use of the clamp clrciiit to advantage 
in a zero-offset comparator. The usual problems in using a 
chopper stabilized amplifier in this application are avoided, 
since the clamp circuit forces the Inverting Input to follow 
the input signal. The threshold input must tolerate the 
output clamp current ^ V|n/R without disturbing other 
portions of the system. 




Figure 7: Using 741 to Boost Output Drive 
Capacity 
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Figure 8: Low Offset Comparator 



Normal logarithmic amplifiers are limited in dynamic 
range in the voltage-input mode by their input-offset volt- 
age. The built-in temperature compensation and conve- 
nience features of the ICL8043 can be extended to a 
voltage-input dynamic range of close to .6 decades by using 
the ICL7650 to offset-null the ICL8048, as shown in Figure 
8. The same concept can also be used with such devices as 
the HA2500 or HA2600 families of op amps to add very low 
offset voltage capability to their very high slew rates and 
bandwidths. Note that these circuits will also have their DC 
gains, CMRR, and PSRR enhanced. 




iflkn ~ 

LC00900I 

Figure 9: ICL8048 Offset Nulled by ICL7650 



FOR FURTHER APPLICATIONS ASSISTANCE, SEE 
A053 AND R017 
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ICL7652 

Chopper-Stabilized Low-Noise 
Operational Amplifier 
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GENERAL DESCRIPTION 

The ICL7652 chopper-stabilized amplifier offers excep- 
tionally low input offset voltage and is extremely stable with 
respect to time and temperature. It is similar to INTERSIL'S 
ICL7650 but offers improved noise performance and a 
wider common-mode input voltage range. The bandwidth 
and slew rate are reduced slightly. 

INTERSIL'S unique CMOS chopper-stabilized amplifier 
circuitry is user-transparent, virtually eliminating the tradi- 
tional chopper amplifier problems of intermodulatlon ef- 
fects, chopping spikes, and overrange lock-up. 

The chopper amplifier achieves its low offset by compar- 
ing the inverting and non-inverting input voltages in a nulling 
amplifier, nulled by alternate clock phases. Two external 
capacitors are required to store the correcting potentials on 
the two amplifier nulling inputs; these are the only external 
components necessary. 

The clock oscillator and all the other control circuitry is 
entirely self-contained, however the 1 4-pin version includes 
a provision for the use of an external clock, if required for a 
particular application. In addition, the ICL7652 is internally 
compensated for unity-gain operation. 



FEATURES 

• Extremely Low Input Offset Voltage-— lO^V Over 
Temperature Range 

• Ultra Low Long-Term and Temperature Drifts of 
Input Offset Voltage (150nV/Month, lOOnV/X) 

• Low DC Input Bias Current— -15p A 

• Extremely High Gain, CIMRR and PSRR — MIn 
IIOdB 

• Low Input Noise Voltage — 0.2)uVp-p (DC — 1Hz) 

• Internally Compensated for Unity-Gain Operation 

• Very Low intermodulatlon Effects (Open-Loop 
Phase Shift < 2''^ Chopper Frequency) 

• Clamp Circuit to Avoid Overload Recovery 
Problems and Allow Comparator Use 

• Extremely Low Chopping Spikes at Input and 
Output 

ORDERING INFORMATION 



PART 
NUMBER 


TEMP. RANGE 


PACKAGE 


ICL7652CPD 


0°C to +70X 


14-pln plastic 


ICL7652IJD 


-25X to +85X 


14-pin CERDIP 


ICL7652CTV 


O^'C to +70X 


8-pin TO-99 


ICL7652ITV 


-25X to +85X 


8-pin TO-99 



\HTliXf 

EXT CLK IN 

CLK OUT 




(kxm£ 
CbtoE 

NC(6UAR0)C 

MC(6UARD)Q 

v-C 



ICL76S2 13 
12 



BEXTCLKII 
INT CU OUT 

^OUTWIT 
^OMTPUTCUUiP 



14 LEAD 
(Outline dwg PD, JD) 



EXT CLK IN 
A = CLK OUT 




Figure 1: Functional Diagram 



TO-99 
(Outline dwg TV) 



Figure 2: Pin Configuration 
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m ieL7652 

O ABSOLUTE MAXIMUM RATINGS 

Total Supply Voltage (V"^ to V") 18V 

Input Voltage (V++0.3) to (V--0.3)V 

Voltage on Oscillator Control Pins V"*" to V 

Duration of Output Short Circuit ...Indefinite 

Current into Any Pin 10mA 

— while . operating (Note 4) 1 00/zA 



Continuous Total Power Dissipation (Ta = 25X) 

CERDIP Package SOQmW 

Plastic Package 375mW 

TO-99 250mW 

Storage Temperature Range - 55°C to 1 50°C 

Operating Temperature Range 

ICL7652CXX.... 0°C to +70°C 

ICL7652IXX -25^C to +85°C 

Lead Temperature (Soldering, 10sec) 300X 

Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other, conditions above those indicated in the operational sections of the specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 

ELECTRICAL CHARACTERISTSCS 

Test Conditions: V* = +5V, V" = -5V, 7^= + 25°C, Test Circuit (unless otjierorise specified) 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


LIMITS 


UNIT 


MIN 


TYP 


MAX 


Vqs 


Input Offset Voltage 


Ta=+25°C 




±2 


±5 


mv 


Over Operating Temperature 
Range (Note 1) 




±10 




AVos 
AT 


Average Temperature Coefficient 
of Input Offset Voltage 


Operating Temperature 
Range (Note 1) 




0.1 




juV/X 


AVos 
AT 


Offset Voltage vs Time 






150 




nV/month 


•bias 


Input Bias Current 
(Doubles every 10°C) 


Ta - + 25°C 




15 


30 


pA 


OX < Ta < + 70°C 




35 




-25°C<Ta< +85°C 




100 , 




«0S 


Input Offset Current 


Ta=+25°C 




25 




pA 


RjN 


Input Resistance 




^ 


10^^ 




n 


AVOL 


Large Signal Voltage Gam 


RL=10ka VoiJT = ±4V 


120 


150 




dB 


Vqut 


Output Voltage Swing (Note 3) 


RL=10kr2 


±4.7 


±4.85 




V 


RL=100kS2 




±4.95 




CMVR 


Common-Mode Voltage Range 




-4.3 


-4.8 to +4.0 


3.5 


V 


CMRR 


Common-Mode Rejection Radio 


CMVR =~ 4.3V to +3.5V 


110 


130 




dB 


PSRR 


Power Supply Rejection Ratio 


±3V to ±8V 


110 


130 




dB 


en 


Input Noise Voltage 


Rs= 10012, DC to 1Hz 




0.2 




juVp-p 


DC to 10Hz 




0.7 




in 


Input Noise Current 


f=10Hz 




0.01 




pA/VHz 


GBW 


Unity-Gain Bandwidth 






0.4 




MHz 


SR 


Slew Rate 


CL = 50pF, RL=10kl2 




0.5 




V/ms 




Overshoot 






15 




% 


V+ to V- 


Operating Supply Range 




5.0 




16 


V 


ISUPPLY 


Supply Current 


No Load 




2.0 


3.5 


mA 


fch 


Internal Chopping Frequency 


Pins 12-14 Open (DIP) 


200 


400 


600 


Hz 




Clamp ON Current (Note 2) 


RL=100kr2 


25 


100 


150 


ma 




Clamp OFF Current (Note 2) 


-4.0V<Vout< +4.0V 




1 




pA 



NOTES: 1. -25X to +85X, or OX to +70X. 

2. See OUTPUT CLAMP under detailed descnption. 

3. OUTPUT CLAMP not connected. See typical charactenstics curves for output swing vs clamp current charactenstics. 

4. Limiting input current to 100/iiA is recommended to avoid latchup problems. Typically 1mA is safe, however this is not guaranteed. 
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TYPICAL PERFORMANCE CHARACTERISTICS 



Supply Current, vs Supply Voltage 



Supply Current vs Ambient 
Temperature 
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Maximum Output Current vs Supply 
Voltage 
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Common-Mode Input Voltage Range 
vs Supply Voltage 



Input Offset Voltage vs Chopping 
Frequency 



10Hz P-P Noise Voltage Voltage vs 
Chopping Frequency 
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TYPICAL PERFORMANCE CHARACTERISTICS (CONT) 



Voltage Follower Large Signal 
Pulse Response* 
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*The two different responses correspond to the two phases of the clock. 



Open-Loop Gain and Phase Shift vs 
Frequency 
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N-Channel Clamp Current vs Output 
Voltage 



P-Channel Clamp Current vs Output 
Voltage 



Input Offset Voltage Change vs 
Supply Voltage 
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Figure 3: Test Circuit 



DETAILED DESCRIPTION 

The Functional Diagram (Figure 1) shows the major 
elements of the ICL7652. There are two amplifiers, the main 
amplifier, and the nulling amplifier. Both have offset-null 
capability. The main amplifier is connected continuously 
from the input to the output. The nulling amplifier, under the 



4 6 8 10 12 14 16 
TOTAL SUPPLY VOLTAGE (V) 



control of the chopping frequency oscillator and clock 
circuit, alternately nulls itself and the main amplifier. The 
nulling connections, which are MOSFET gates, are inher- 
ently hlgh-iiTipedance, and two external capacitors provide 
the required storage of the nulling potentials and the 
necessary nulling-loop time constants. The nulling arrange- 
ment operates over the full common-mode and power 
supply r^hges, and is also independent of the output level, 
thMS giving exceptionally high CMRR, PSRR, and AvbL- 
Careful balancing of the input switches, together with the 
ihlierent balance of the input circuit, minimizes chopper 
frequency charge injection at the input terminals. Feedfor- 
ward-type injection into the compensation capacitor is also 
minimized, which is the main cause of output spikes in this 
type of circuit. 

Intermodulation 

Previous chopper-stabilized amplifiers have suffered from 
intermodulation effects between the chopper frequency and 
input signals. These arise because the finite AC gain of the 
amplifier necessitates a small AC signal at the input. This is 
seen by the zeroing circuit as an error signal, which is 
chopped and fed back, thus injecting sum and difference 
frequencies and causing disturbances to the gain ahd 
phase vs frequency characteristics near the chopping 
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ICL7652 

frequency. These effects are substantially reduced in the 
ICL7652 by feeding the nulling circuit with a dynamic 
current, corresponding to the compensation capacitor cur- 
rent, in such a way as to cancel that portion of the input 
signal due to finite AC gain. Since that is the major error 
contribution to the ICL7652, the intermodulation and gain/ 
phase disturbances are held to very low values, and can 
generally be ignored. 

Capacitor Connection 

The null-storage capacitors should be connected to the 
Cexta and Cextb pins, with a common connection to the 
Cretn piri- This connection should be made directly by 
either a separate wire or PC trace to avoid injecting load 
current IR drops into the capacitive circuitry. The outside 
foil, where available, should be connected to Cretn- 

Output Clamp 

The OUTPUT CLAMP pin allows reduction of the over- 
load recovery tirne inherent with chopper-stabilized arnplifi- 
ers. When tied to the inverting input pin, or summing 
junction, a current path between this point and the OUTPUT 
pin occurs just before the device output saturates. Thus 
uncontrolled differential input voltages are avoided, togeth- 
er with the consequent charge build-up on the correction- 
storage capacitors. The output swing is slightly reduced. 

Ciocl( 

The ICL7652 has an internal oscillator, giving a chopping 
frequency of 400Hz, available at the CLOCK OUT pin on the 
14-pin devices. Provision has also been ma de fo r the use of 
an external clock in these parts. The INT/EXT pin has an 
internal pull-up and may be left open for normal operation, 
but to utilize an external clock this pin must be tied to V~ to 
disable the internal clock. The external clock signal may 
then be applied to the EXT CLOCK IN pin. An internal 
divide-by-two provides the desired 50% input switching duty 
cycle. Since the capacitors are charged only when EXT 
CLOCK IN is high, a 50% -80% positive duty cycle is 
recommended, especially for higher frequencies. The exter- 
nal clock can swing between V"^ and V". The logic 
threshold will be at about 2.5V below V "^ . Note also that a 
signal of about 800Hz, with a 70% duty cycle, will be 
present at the EXT CLOCK IN pin with INT/EXT high or 
open. This is the Intei-nal clock signal before being fed to 
the divider. 

In those applications where a strobe signal is available, 
an alternate approach to avoid capacitor misbalancing 
during overload can be used. If a strobe signal is connected 
to EXT CLK IN so that it is low during the time that the 
overload signal is applied to the amplifier, neither capacitor 
will be charged. Sincethe leakage at the Capacitor pins is 
quite low at room temperature, the typical amplifier will drift 
less than 1 0/xV/sec, and relatively long measurements can 
be made with little change in offset. 

BRIEF APPLICATION NOTES 
Component Selection 

The required capacitors, Cexta and Cextb. ai"© normally 
in the range of 0.1 /xF to 1 .0/uF. A 1 .0/xF capacitor should be 
used in broad bandwidth circuits if minimum clock ripple 
noise is desired. For limited bandwidth applications where 
clock ripple is filtered out, using a 0.1 /uF capacitor results in 
slightly lower offset voltage. A high-quality film-type capaci- 
tor such as mylar is preferred, although a ceramic or other 



lower-grade capacitor may prove suitable in many applica- § 
tions. For quickest settling on initial turn-on, low dielectric io 
absorption capacitors (such as polypropylene) should be 
used. With ceramic capacitors, several seconds may be 
required to settle to 1/iV. 

Static Protection 

All device pins are static-protected by the use of input 
diodes. However, strong static fields and discharges should 
be avoided, as they can cause degraded diode junction 
characteristics which may result in increased input-leakage 
currents. 

Latchup Avoidance 

Junction-isolated CMOS circuits inherently include a 
parasitic 4-layer (p-n-p-n) structure which has characteris- 
tics similar to an SCR. Under certain circumstances this 
junctiQn may be trigerred into a low-impedance state, 
resulting in excessive supply current. To avoid this condition 
no voltage greater than 0.3V beyond the supply rails should 
be applied to any pin. In general, the amplifier supplies must 
be established either at the same time or before any input 
signals are applied. If this is not possible, the drive circuits 
must limit input current flow to under 1 mA to avoid latchup, 
even under fault conditions. 

Output Stage/Load Driving 

The output circuit is a high-impedance type (approximate- 
ly 18kfi), and therefore, with loads less than this the 
chopper amplifier behaves In some ways like a transcon- 
ductance amplifier whose open-loop gain is proportional to 
load resistance. For example, the open-loop gain will be 
17dB lower with a 1kr2 load than with a lOkH load. If the 
amplifier is used strictly for DC, this lower gain is of little 
consequence, since the DC gain is typically greater than 
120dB even with a 1k^ load. However, for wideband 
applications, the best frequency response will be achieved fA | 
with a load resistor of 1 0kl2 or higher. This will result in a 
smooth 6dB/octave response from 0.1Hz to 2MHz, with 
phase shifts of less than 2** in the transition region where 
the main amplifier takes over from the null amplifier. 

Thermo-Electric Effects 

The ultimate limitations to ultra-high precision DC amplifi- 
ers are the thermo-electric or Peltier effects arising in 
thermo-couple junctions of dissimilar metals, alloys, silicon, 
etc. Unless all junctions are at the same temperature, 
thermo-electric voltages typically around O-l/xV/^C, but up 
to tens of /iV/°C for some materials, will be generated. In 
order to realize the extremely low offset voltages that the 
chopper amplifier can provide, it is essential to take special 
precautions to avoid temperature gradients. All components 
should be enclosed to eliminate air movement, especially 
that caused by power-dissipating elements in the. system. 
Low thermoelectric-coefficient connections should be used 
where possible and power supply voltages and power 
dissipation should be kept to a minimum. High-impedance 
loads are preferable, and good separation from surrounding 
heat-dissipating elements is advisable. 

Guarding 

Extra care must be taken in the assembly of printed 
circuit boards to take full advantage of the low input 
currents of the ICL7652. Boards must be thoroughly 
cleaned with TdE or alcohol and blown dry with com- 
pressed air. After cleaning, the boards should be coated 
with epoxy or silicone rubber to prevent contamination. 
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Even with properly cleaned and coated boards, leakage 
currents may cause trouble; particularly since the input pins 
are adjacent to pins that are at supply potentials. This 
leakage can be significantly reduced by using guarding to 
lower the voltage difference between the inputs and adja- 
cent metal runs. Input guarding of the 8 lead TO-99 
package is accomplished by using a 10 lead pin cirde, with 
the leads of the device formed so that the holes adjacent to 
the inputs are empty when it is inserted in the board. The 
guard, which is a conductive ring surrounding the inputs, is 
connected to a low-impedance point that is at approximate- 
ly the same voltage as the inputs. Leakage currents from 
high-voltage pins are then absorbed by the guard. 

The pin configuration of the 14-pin dual-in-line package is 
designed to facilitate guarding, since the pins adjacent to 
the inputs are not used (this is different from the standard 
741 and 101 A pin configuration, but corresponds to that of 
the LM108). 



PIN COMPATIBILITY 

The basic pinout of the 8-pln device correspond^, where 
possible, to that of the industry-standard 8-pin devices, the 
LM741, LM101, etc. The null-storing external capacitprs are 
connected to pins 1 and 8, which are usually used for offset- 
null or compensation capacitors. The output-clanrip pin (5) is 
similarly used. In the case of the OP-05 and OP-07 devices, 
the replacement of the offset-null pot, connected between 
pins 1 and 8 and V"*" , by two capacitors from those pins to 
V~, will provide e^sy compatibility. As for the LM108, 
replacement of the compensation capacitor between pins 1 
and 8 by the two capacitors to V" is all that is necessary. 
The same operation, with the removal of any connection to 
pin 5, will suffice for the LM101, /liA748, and similar parts. 

The 14-pin device pinout corresponds most closely to 
that of the LM108 device, owing to the provision of "NC" 
pins for guarding between the input and all other pins. Since 
this device does not use any of the extra pins, and has no 
provision for offset-nulling, but requires a compensation 
capacitor, some changes will be required in layout to 
convert to the ICL7652. 



Rt R2 




> OUTPUT 



INPUT O O 




> OUTPUT 



TC035491 



FoHower 



Inverting Amplifier 




> OUTPUT 




Note: 



Rl + ra 

Should be low Impedance for optimum guarding 
Non-Inverting Amplifier 



BOTTOM VIEW 

PL01010I 

Board Layout for input Guarding 
With TO-99 Package 



Figure 4: Connection of Input Guards 
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ICL7652 

TYPICAL APPLICATIONS 



-^ 


-1 


ZO.VF 


INPUT > 


>.J 


s» 






ICL7652^— ^ OUTPUT 




"X^AMP ; ; R2 
__| R3^ ' 


R3 + (Rl//R2)a100kn So, 
FOR FULL CLAMP EFFECT > 


LC0 16501 


Figure 5: Non-Inverting Amplifier 
with (Optional) Clamp 



INPUT > VW- 




.OVF 

(Ri//R2)st00kft 

FOR FULL CLAMP EFFECT 



Figure 6: Inverting Amplifier 
with (Optional) Clamp 



Clearly the applications of the ICL7652 will mirror those 
of other op-amps. Thus, anywhere that the performance of 
a circuit can be significantly improved by a reduction of 
input-offset voltage and bias current, the ICL7652 is the 
logical choice. Basic non-inverting and inverting amplifier 
circuits are shown in Figures 5 and 6. Both circuits can use 
the output clamping circuit to enhance the overload recov- 
ery performance. The only limitations on the replacement of 
other op-amps by the ICL7652 are the supply voltage (±8V 
max) and the output drive capability (lOkfZ load for full 
swing). Even these limitations can be overcome using a 
simple booster circuit, as shown in Figure 7, to enable the 
full output capabilities of the LM741 (or any other standard 
device) to be combined with the input capabilities of the 
ICL7652. The pair form a composite device, so loop gain 
stability, when the feedback network Is added, should be 
watched carefully. 




O.VF 



Figure 7: Using 741 to Boost Output 
Drive Capability 



Figure 8 shows the use of the clamp circuit to advantage 
in a zero-offset comparator. The usual problems in using a 
chopper-stabilized amplifier in this application are avoided, 
since the clamp circuit forces the inverting input to follow 
the input signal. The threshold Input must tolerate the 
output clamp current ^ V||s|/R without disturbing other 
portions of the system. 




-WAr— <Vth 



200knTO2Mn 

AF03120I 



Figure 8: Low Offset Comparator 



It Is possible to use the ICL7652 to offset-null such high 
slew rate and bandwidth amplifiers as the HA2500 and 
HA2600 series, as shown in Figure 9. The same basic Idea 
can be used with low-noise bipolar devices, such as the OP- 
05, and also with the ICL8048 logarithmic amplifier, to 
achieve a voltage-input dynamic range of close to 6 
decades. Note that these circuits will also have their DC 
gains, CMRR and PSRR enhanced. More details on these 
and other ideas are explained in feipplication note A053. 

Mixing the ICL7652 with circuits operating at ±15V 
supplies requires the provision of a lower voltage. Although 
this can be done fairly easily, a highly efficient voltage 
divider can be built using the ICL7660 voltage converter 
circuit "backwards". A suitable connection Is shown in 
Figure 10. 



3! 

10 
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S ICL7652 

5 TYPICAL APPLICATIONS (CONT.) 




HA2500/10/20 

HA2600/20 

OR SIMILAR DEVICE 



Figure 9: HA2500 or HA2600 Offset-Nulled 
by ICL7652 



1(VF 



r 



2 8 

ICL7660 



-< + 15V 



1MQ 



IOmF 



Figure 10: Splitting -I-15V with ICL7660 
at >95% efficiency. Same for -15V 



For further applications assistance, see A053 and R017 
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ICL8007 

JFET Input Operational Amplifier 
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GENERAL DESCRIPTION 

The Intersil ICL8007 is a low input current JFET Input 
operational amplifier. The ICL8007A is selected for 4 pA 
max input current. 

The devices are designed for use in very high Input 
impedance applications. Because of their high slew rate, 
high common mode voltage range and absence of "latch- 
up", they are ideal for use as a voltage follower. 

The Intersil 8007 and 8007A are short circuit protected. 
They require no external components for frequency com- 
pensation because the internal 6 dB/roll-off insures stability 
in closed loop applications. A unique bootstrap circuit 
insures unusually good common mode rejection for a JFET 
input op-amp and prevents large input currents as seen in 
some amplifiers at high common mode voltage. 

ORDERING INFORMATION 



FEATURES 

• Ultra Low Input Current 

• High Slew Rate — 6V//us 

• Wide Input Common Mode Voltage 

• 1MHz Band Width 

• Excellent Stability 

• Ideal for Unity Gain Applications 



PART 
NUMBER 


TEMPERATURE 
RANGE 


PACKAGE 


ICL8007CTY 
ICL8007ACTV 


0°C to + 70°C 


8 LEAD 

TO-99 

METAL CAN 


IQL8007MTY 
ICL8007AMTV 


-55°C to +125°C 


ICL8007/D 


— 


DICE** 



•Parameter Min/Max Limits guaranteed at 25°C only for DICE orders. 






Figure 1: Functional Diagram 



TC02590I 

ICL8007 pin 4 connected to case (TY package) 
ICL8007A pin 8 connected to case (TV package) 

Figure 2: Pin Configuration 
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ICL8007 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage ±18V 

Power Dissipation (Note 1) SOOmW 

Differential Input Voltage ±30V 

Input Voltage (Note 2) ±15V 

Storage Temperature Range - 65°C to + 1 50°C 



Operating Temperature Range 

8007M, 8007AM -55**Cto +125''C 

8007C,8007AC 0°Cto +70X 

Lead Temperature (Soldering, 10sec) 300X 

Output Short-Circuit Duration (Note 3) Indefinite 



NOTES: 

1. Rating applies for case temperatures to 125°C; derate linearly at 6.5 mW/^C for ambient temperatures above +75°C. 

2. For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 

3. Short circuit may be to ground or either supply. Rating applies to +125''C case temperature or +75°C ambient temperature. 

4. For Design only, not 100% tested. 

ELECTRICAL CHARACTERISTICS (Vs = ±15V unless otherwise specified) 



CHARACTERISTICS 


TEST CONDITIONS 


8007M 


8007C 


8007AM & 8007AC 


UNIT 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


The following specifications apply for Ta = 25''C: 


Input Offset Voltage 


^Rs<100k!:^ 




10 


20 




20 


50 




15 


30 


mV 


Input Offset Current 






0.5 






0.5 






0.2 




pA 


Input Bias Current (either input) 






2.0 


20 




3.0 


50 




0.5 


4.0 


pA 


Input Resistance 






10^ 






106 






106 




M^ 


Input Capacitance 






2.0 






2.0 






2.0 




PF 


Large Signal Voltage Gain 


RL>2ka VouT = ±10V 


50,000 






20,000 






20,000 






V/V 


Output Resistance 






75 






75 






75 




n 


Output Short-Circuit Current 






25 






25 






25 




mA 


Supply Current 






3.4 


5.2 




3.4 


6.0 




3.4 


6.0 


mA 


Power Consumption 






102 


156 




102 


180 




102 


180 


mW 


Slew Rate 






6.0 






6.0 




2.5 


6.0 




V/jus 


Unity Gain Bandwidth 






1.0 






1.0 






1.0 




MHz 


Risetime 


CL<100pF, RL = 2kfi 




300 






300 






300 




ns 


Overshoot 


CL<100pF, RL==2kfi 




10 






10 






10 




% 


The following specifications apply for 0°C<Ta< +70°C (8007C and 8007AC), and -55°C<Ta< +125°C 
(8007M and 8007AM): 


Input Voltage Range 




±10 


±12 




±10 


±12 




±10 


±12 




V 


Common Mode Rejection Ratio 




70 


90 




70 


90 




86 


95 




dB 


Supply Voltage Rejection Ratio 


y 




70 


300 




70 


600 




70 


200 


mV/v 


Large Signal Voltage Gain 




25,000 






15,000 






15,000 






V/V 


Output Voltage Swing 


RL>10ki2 
Rl > 2kn 


±12> 
±10 


±14 
±13 




±12 
±10 


±14 
±13 




±12 
±10 


±14 
±13 




V 
V 


Input Bias Current (either input) 


Ta= +125°C 
Ta=+70°C 




2.0 






50 






1.0 
30 




nA 
pA 


Average Temperature Coefficient 
of Input Offset Voltage 


(Note 4) 






75 






75 






50 


mv/x 




::Ci ::Ri 



Figure 3: Transient Response Test Circuit 
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ICL8007 

TYPICAL PERFORMANCE CHARACTERISTICS 
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TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 



QUIESCENT SUPPLY CURRENT AS 
A FUNCTION OF TEMPERATURE 
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For additional information, see Application Note A005. 
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ICL8021/ICL8022/ 

ICL8023 

Low Power Bipolar 
Operational Amplifier 

GENERAL DESCRIPTION 

The Intersil ICL8021 series are low power operational 
amplifiers specifically designed for applications requiring 
very low standby power consumption over a wide range of 
supply voltages. The electrical characteristics of the 8021 
series can be tailored to a particular application by adjusting 
an external resistor, RsET. which controls the quiescent 
current. This is advantageous because Iq can be made 
independent of the supply voltages: it can be set to an 
extremely low value where power is critical, or to a larger 
value for high slew rate or wideband applications. 

Other features of the 8021 series include low input 
current that remains constant with temperature, low noise, 
high input impedance, internal compensation and pin-for- 
pin compatibility with the 741. 

The Intersil 8022 (8023) consists of two (three) low power 
operational amplifiers in a single 14(16)-pin DIP. Each 
amplifier is identical to an 8021 low power op amp, and has 
separate connections for adjusting its electrical characteris- 
tics by means of an external resistor, RsET. which controls 
the quiescent current of that amplifier. 

ORDERING INFORMATION 



ICL8021 



I_ 



Package 

TY — TO-99 Metal Can 
PA — 8 pin Minidip 



JD - 
PD - 



14 pin GERDIP 
• 14 pin Plastic DIP 



8021 only 



8022 only 



JE - 16 pin CERDIP 3 

PE — 16 pin Plastic DIP ^"^'' °"'y 

■ Temperature 

C — Commercial — 0°C to +70°C 
M — Military 55°C to +125°C 



"Basic Part Number 

8021 — Single 

8022 — Dual 

8023 — Tnple 




FEATURES 

• Vos = 3mV Max (Adjustable to Zero) 

• ± 1.5V to ± 18V Power Supply Operation 

• Power Consumption •-*- 20mW @ ±1V 

• Input Bias Current — 30nA Max 

• Internal Compensation 

• Pin-For-Pin Compatible With 741 

• Short Circuit Protected 



o 
1^ 



s 

Id 
Id 



09 

o 
Id 



PART 


TEMPERATURE 




NUMBER 


RAhSGE 


PACKAGE 


ICL8021/D 


_ 


DICE** 


ICL8021CJA 


O^'C to 70'C 


8 Lead CERDIP 


ICL8021CBA 


OX to 70°C 


8 Lead S.O.I.C 


ICL8021CPA 


OX to 70X 


8 Lead MINIDIP 


ICL8021CTY 


OX to 70X 


8 Lead Metal Can 


ICL8021MJA 


-55X to +125X 


8 Lead CERDIP 


ICL8021MJD 


-5$Xto +125X 


14 Lead CERDIP 


ICL8021MTY 


-55X to +125X 


8 Lead Metal Can 


ICL8022/D 





DICE 


ICL8022CJD 


OX to 70X 


14 Lead CERDIP 


ICL8022CPD 


OX to 70X 


14 Lead MINIDIP 


ICL8022MJD 


-55X to +125X 


14 Lead CERDIP 


ICL8023/D 





DICE 


ICL8023CJE 


OX to 70X 


16 Lead CERDIP 


ICL8023CPE 


OX to 70X 


16 Lead MINIDIP 


iCL8023MJE 


-55X to +125X 


16 Lead CERDIP 



•Parameter Mm/Max Limits guaranteed at 25"'C only for DICE orders. 
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ICL8021/ICL8022/ICL8023 



H ABSOLUTE MAXIMUM RATINGS 

cS Supply Voltage ±18V 

O Differential Input Voltage (Note 1) ±15V 

3 Common Mode Input Voltage (Note 1) ±15V 

22 Output Short Circuit Duration Indefinite 

•^ Power Dissipation (Note 2) ;. 300mW 



Operating Temperature Range 

8021M -55°C to +125*C 

8021C 0°C to +70X 

Storage Tenr^perature Range - 65°C to + 1 50**C 

Lead Temperature (Soldering, 10sec) +300°C 



NOTE 1: For supply voltages less than ±15V, the absolute, maximum input voltage is equal to the supply voltage. 

NOTE 2: Rating applies for case temperatures to +125°C; derate linearly at 5.6 mW/^C for ambient temperjatures above +95°C, 




Figure 1: Functional Diagram 
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Figure 2: Pin Configurations 
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ICL8021/ICL8022/ICL8023 




Figure 3: Voltage Offset Null Circuit 



ELECTRICAL CHARACTERISTICS (Vsupply = ±6V, Iq = 30mA, unless otherwise specified.) 



CHARACTERISTICS 


TEST CONDITIONS 


8021M 


8021C 


UNIT 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


The foJIowing specifications apply for T^ = 25°C: 


Input Offset Voltage 


Rs<100k^ 




2 


3 




2 


6 


mV 


Input Offset Current 






.5 


7.5 




.7 


10 


nA 


input Bias Current 






5 


20 




7 


30 


nA 


Input Resistance 




3 


10 




3 


10 




Ma 


Input Voltage Range 


VSUPPLY = ±15V 


±12 


±13 




±12 


±13 




V 


Common Mode Rejection Ratio 


Rs<iokn 


70 


80 




70 


80 




dB 


Supply Voltage Rejection Ratio 


RS<10k^ 




30 


150 




30 


150 


juV/V 


Output Resistance 


Open Loop 




2 






2 




ka 


Output Voltage Swing 


RL>20ka VsuPPLY = ±15V 


±12 


±14 




±12 


±14 




V 


Rl > lOkfi, VsuPPLY = ±15V 


±11 


±13 




±11 


±13 




V 


Output Short-Circuit Current 






±13 






±13 




mA 


Power Consumption 


VOUT = 




360 


480 




360 


600 


AiW 


Slew Rate (Unity Gam) 






0.16 






0.16 




V/MS 


Unity Gam Bandwidth 


Rl = 20ka V|N = 20mV 




270 






270 




kHz 


Transient Response (Unity Gain) 
Risetime 
Overshoot 


Rl = 20ka V|N = 20mV 




1.3 
10 






1.3 
10 




/2S 

% 


The following specifications apply for 0°C < Ta < +70°C (8021C) and -55°C < Ta < + 125"'C (8021M) | 


Input Offset Voltage 


Rs < 10kf2 




2.0 


4.0 




2.0 


7.5 


mV 


Input Offset Current 




1.0 


11 




1.5 


15 


nA 


Input Bias Current 






10 


32 




15 


50 


nA 


, Average Temperature 
Coefficient of Input 
Offset Voltage 


Rs < 10kn 




5 






5 




juV/°C 


Average Temperature 
Coefficient of Input 
Offset Current 






1.7 






0.8 




pArc 


Large Signal Voltage Gain 


RL=10kf2 


50 


200 




50 


200 




V/mV 


Output Voltage Swmg 


RL>10kr2 


±10 


±13 




±10 


±13 




V 



i 



00 

o 
Id 



09 
O 

Od 
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§ ICL8021/ICL8022/ICL8023 

3 

U QUIESCENT CURRENT ADJUSTMENT 



M 
N 

O 

3 



S 



QUIESCENT CURRENT SETTING RESISTOR 
(PIN 8 to V") 



vs 


IQ 


IOmA 


30mA 


lOOjuA 


300mA 


±1.5 


1.5M^ 


470k^ 


150kn 


- 


±3 


3.3Mn 


1.1MS2 


330kf2 


lOOkH 


±6 


7.5Mi2 


2.7Mn 


750kr2 


220k^ 


±9 


13M^ 


4MJ2 


1.3M12 


350kJ2 


±12 


ISM^ 


5.6Mn 


1.5Mr2 


510kl2 


±15 


22Mn 


7.5Mn 


2.2Ma 


620lsf2 



TYPICAL PERFORMANCE CHARACTERISTICS* 

(Ta= +25°C, Vs = ±6V, lQ = 30juA unless otherwise specified.) 
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ICL8021/ICL8022/ICL8023 

TYPICAL PEf^FORMANCE CHARACTERISTICS* (CONT.) 
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I ICL8043 



2 Dual JFET Input Operational 
^ Amplifier 




GENERAL DESCRIF^TION 

The ICL8043 contains two FET input op amps, each 
similar in performance to the ICL8007. The inputs and 
outputs are fully short circuit protected, and no latch-up 
problems exist. Offset nulling is accomplished by using a 
single pot (for each amplifier) connected to the positive 
supply voltage. The devices have excellent common mode 
rejection. 

ORDERING INFORMATION 



FEATURES 

• Very Low Input Current — 2pA Typical 

• High Slew Rate — 6V/ms 

• Internal Frequency Compensation 

• Low Power Dissipation— 135m W Typical 

• Monolithic Construction 



PART NUMBER 


TEMPERATURE 
RANGE 


PACKAGE 


ICL8043MJE 


-55X to 125''C 


CERAMIC 
16 Pin DIP 


ICL8043CPE 


0*^0^ to 70°C 


Plastic 
16 Pin DIP 


ICL8043CJE 


OX to 70°C 


CERAMIC 
16 Pin DIP 



-INO *t 




Figure 1: Functional Diagram 
(One Side) 




(outline dwgs JE. PE) 



Figure 2: Pin 

Configuration 

16 Pin DIP (Top View) 
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ICL8043 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage ±18V 

Internal Power Dissipation (Note 1) 500m W 

Differential Input Voltage ±30V 

Input Voltage (Note 2) ±15V 

Voltage between Offset Null and V"^ +0.5V 

Storage Temperature Range -65°C to +150°C 

Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings only, and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 

NOTES: 1. Rating applies for case temperatures to 125°C; derate linearly at SmW/'C for ambient temperatures above +95°C. 
2. For supply voltages less than ± 1 5V, the absolute maximum input voltage Is equal to the supply voltage. 

ELECTRICAL CHARACTERISTICS (Vsupply = ±15V unless otherwise specified) 



Operating Temperature Range 

8043M -55°C to +125°C 

8043C 0°C to +70*'C 

Lead Temperature (Soldering, 10sec) 300°C 

Output Short-Circuit Duration Indefinite 



00 

o 



SYMBOL 


CHARACTERISTIC 


TEST CONDITIONS 


8043M 


8043C 


UNIT 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


The following specifications apply for Ta = 25°C: | 


Vqs 


Input Offset Voltage 


Rs<100ki2 




10 


20 




20 


50 


mV 


IQS 


Input Offset Current 






0.5 






0.5 




pA 


l|N 


Input Current (either input) 






2.0 


20 




3.0 


50 


pA 


RjN 


Input Resistance 






106 






106 




MQ 


C|N 


Input Capacitance 






2.0 






2.0 




PF 


Av 


Large Signal Voltage Gam 


RL>2ka Vout = ±10V 


50,000 






20,000 






V/V 


Rq 


Output Resistance 






75 






75 




n 


isc 


Output Short-Circuit Current 






25 






25 




mA 


'supply 


Supply Current (Total) 






4.5 


6 




4.5 


6.8 


mA 


Pdiss 


Power Consumption 






135 


180 




135 


204 


mW 


SR 


Slew Rate 






6.0 






6.0 




V/jus 


GBW 


Unity Gain Bandwidth 






1.0 






1.0 




MHz 


tr 


Transient Response (Unity Gain) 
Risetime 
Overshoot 


CL<100pF, RL = 2kn 




300 
10 






300 
10 




ns 

% 


The following specifications apply for OX < Ta < +70°C (8043C), -55°C < Ta < + 125°C (8043M): | 


AV,N 


Input Voltage Range 




±10 


±12 




±10 


±12 




V 


CMRR 


Common Mode Rejection Ratio 


70 


90 




70 


90 




dB 


PSRR 


Supply Voltage Rejection Ratio 




70 


300 




70 


600 


juV/V 


Av 


Large Signal Voltage Gam 




25.000 






15,000 






V/V 


AVo 


Output Voltage Swing 


RL>10kS2 
Rl > 2kr2 


±12 


±14 




±12 


±14 




V 


±10 


±13 




±10 


±13 




V 


Vqs 


Input Offset Voltage 






15 


30 




30 


60 


mV 


l|N 


Input Current (either input) 


Ta= +125°C 
Ta= +70°C 




2.0 


15 








nA 










50 


175 


pA 


AVos/AT 


Average Temperature Coefficient 
of Input Offset Voltage 


(Note 3) 




75 






75 




fNrc 



NOTE: 3. For Design only, not 100% tested. 
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I ICL8043 

3 TYPICAL PERFORMANCE CHARACTERISTICS 
o 
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ICL8043 

TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 



TOTAL QUIESCENT SUPPLY 

CURRENT AS A FUNCTION OF 

TEMPERATURE 



INPUT NOISE VOLTAGE AS A 
FUNCTION OF FREQUENCY 



WIDEBAND NOISE AS A FUNCTION 
OF SOURCE RESISTANCE 
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CHANNEL SEPARATION 

Channel separation or crosstalk is measured using the 
circuit of Figure 4. One amplifier is driven so that its output 
swings ±10V; the signal amplitude seen in the other 
amplifier (referred to the input) is then measured. Typical 
performance is shown in Figure 5. 
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Figure 4: Channel Separation Test Circuit 
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S ll:L8043 

o 

jJ APPLICATIONS 

■■ Applications for any dual amplifier fall into two categories. 
There are those which use the two-in-one package concept 
simply to save circuit-board space and cost, but more 
Interesting are those circuits where the two sides of the dual 
are used to complement one another in a Subsystem 
application. The circuits which follow have been selected on 
this basis. 

AUTOMATIC OFFSET SUPPRESSION 
CIRCUIT 

The circuit shown In Figure 6 uses one amplifier (Ai) as a 
normal gain stage, while the other (A2) forms part of an 
offset voltage zeroing loop. There are two modes of 
operation which occur sequentially. First, an offset null 
correction mode occurs during which the offset voltage of 
A-i is nulled out. Following this nulling operation, A-t is used 



as a normal amplifier while the voltage necessary to zero its 
offset voltage is stored on the integrator comprised of A2 
and Ci. 

The advantage of this circuit is that It allows chopper 
amplifier performance to be achieved at one-tenth the cost. 
The only limitation is that during the offset nulling mode, Ai 
is disconnected from the input. However, in most data 
acquisition systems, many inputs are scanned sequentially. 
It is fairly simple to synchronize the offset nulling operation 
so that it does not occur when that particular amplifier is 
being "looked at". For the component values shown in 
Figure 3, and assuming a total leakage of 50pA at the 
inverting input of A2, the offset voltage referred to the input 
of Ai will drift away from zero at only 40jLiV/sec. Thus, the 
offset nulling information stored on Ci can be "refreshed" 
relatively infrequently. The measured offset voltage of Ai 
during the amplification mode was 1 1 mV; offset voltage drift 
with temperature was less than 0.1mV/°C. 




*SWi, SW2, & SW3 ARE ALL 
PART OF A SINGLE IH5043 CMOS 
ANALOG SWITCH CONNECTED AS 
SHOWN IN FIGURE 6(b) 



Figure 6(a): Automatic Offset Nuli Circuit 
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Figure 6(b) 
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Figure 7: Staircase Generator Circuit 
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Figure 8: Analog Counter Circuit 



STAIRCASE GENERATOR 

The circuit shown in Figure 7 is a high input impedance 
version of the so-called "diode pump" or staircase genera- 
tor. Note that charge transfer takes place at the negative- 
going edge of the input-signal. 

The most common application for staircase generators is 
in low cost counters. By resetting the capacitor when the 
output reaches a predetermined level, the circuit may be 
made to count reliably up to a maximum of about 10. A 
straightfonft^ard circuit using a LM31 1 for the level detector, 
and a CMOS analog gate to discharge the capacitor, is 
shown in Figure 8. An important property of this type of 
counter is the ease with which the count can be changed; it 
is only necessary to change the voltage at which the 
comparator trips. A low cost A-D converter can also be 
designed using the same principle since the digital count 
between reset periods is directly proportional to the analog 
voltage used as a reference for the comparator. 

A considerable amount of hysteresis is used in the 
comparator shown in Figure 8. This ensures that the 
capacitor is completely discharged during the reset period. 
In a more sophisticated circuit, a dual comparator "window 
detector" could be used, the lower trip point set close to 



ground to assure complete discharge. The upper trip point 
could then be adjusted independently to determine the 
pulse count. 

SAMPLE & HOLD CIRCUIT 

Two Important properties of the 8043 are used to 
advantage in this circuit. The low input bias currents give 
rise to slow output decay rates ("droop") in the hold mode, 
while the high slew rate (6V/ms) improves the tracking 
speed and the response time of the circuit. See Figure 6. 

The ability of the circuit to track fast moving inputs is 
shown in Figure 10A. The upper waveform is the input 
(10V/div), the lower waveform the output (5V/div). The 
logic input is high. 

Actual sample and hold waveforms are shown in Figure 
10B. The center waveform is the analog input, a ramp 
moving at about 67V/ ms, the lower waveform is the logic 
input to the sample & hold; a logic "1" initiates the sample 
mode. The upper waveform is the output, displaced by 
about 1 scope division (2V) from the input to avoid 
superimposing traces. The hold mode, during which the 
output remains constant, is clearly visible. At the beginning 
of a sample period, the output takes about 8iLis to catch up 
with the input, after which it tracks until the next hold period. 
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Figure 9: Sample And Hold Circuit 
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ICL8043 

INSTRUMENTATION AMPLIFIER 

A dual JFET-input operational amplifier Is an attractive 
component around which to build an instrumentation ampli- 
fier because of the high input resistance. The circuit shown 
in Figure 1 1 uses the popular triple op-amp approach. The 
output amplifier is a High Speed 741 (741 HS, slew rate 
guaranteed > Ojy/fxs) so that the high slew rate of the 
8043 is utilized to the full extent. Input resistance of the 
circuit (either Input, regardless of gain configuration) is in 
excess of 10^^ ohms. 

For the component values shown, the overall amplifier 

gain is 200 (front end gain = , back end 

gain, = R6/R4). "2 

Common mode rejection is largely determined by the 
matching between R4 and R5, and Re and R7. In applica- 
tions where offset nulling is required, a single potentiometer 
can be connected as shown in Figure 12. 

Another popular circuit is given in Figure 13. In this case 
the gain is 1 + R1/R2. and the CMRR determined by the 
match between R-j and R4, R2 and R3. 

For more information on FET input operational amplifiers, 
see Intersil Application Bulletin A005 "The 8007: A High 
Performance FET-input Operational Amplifier." 
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13: Modified Instrumentation Amplifier 
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Figure 11: Instrumentation Amplifier 





Figure 12: Offset Nulling Both Amplifiers 
With One Potentiometer 
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ICL8048/ICL8049 

Log/Antilog Amplifier 
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GENERAL DESCRIPTION 

The 8048 is a monolithic logarithmic amplifier capable of 
handling six decades of current input, or three decades of 
voltage Input. It is fully temperature compensated and is 
nominally designed to provide 1 volt of output for each 
decade change of input. For increased flexibility, the scale 
factor, reference current and offset voltage are externally 
adjustable. 

The 8049 is the antilogarithmic counterpart of the 8048; it 
nominally generates one decade of output voltage for each 
1 volt change at the input 

ORDERING INFORMATION 



FEATURES 

• 1/2% Full Scale Accuracy 

• Temperature Compensated for 0**C to +70*C 
Operation 

• Scale Factor 1V/Decade, Adjustable 

• 120dB Dynamic Current Range (8048) 

• 60dB Dynamic Voltage Range (8048 & 8049) 

• Dual JFET-input Op-Amps 



PART NUMBER 


ERROR (25X) 


TEMPERATURE RANGE 


PACKAGE 


ICL8048BCJE 
ICL8048BCPE 
ICL8048CCJE 
ICL8048CCPE 


30mV 
30mV 
60mV 
60mV 


C'C to +70**C 
O^'C to +70X 
OX to +70X 
OX to +70X 


16 Pin CERDIP 
16 Pin Plastic DIP 
16 Pin CERDIP 
16 Pin Plastic DIP 


ICL8049BCJE 
ICL8049BCPE 
ICL8049CCJE 
ICL8049CCPE 


lOmV 
lOmV 
25mV 
25mV 


OX to +70X 
OX to +70X 
OX to +70X 
OX to +70X 


16 Pin CERDIP 
16 Pin Plastic DIP 
16 Pin CERDIP 
16 Pin Plastic DIP 
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Figure 1: Functional Diagram 
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Figure 2: Pin Configurations (Outline Dwgs, JE, PE) 
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ICL3048/ICL8049 

ABSOLUTE MAXIMUM RATINGS (ICL8048) 

Supply Voltage ±18V 

l|N (Input Current) 2mA 

Iref (Reference Current) 2mA 

Voltage between Offset Null and V^ ±0.5V 

Power Dissipation 750mW 

ELECTRICAL CHARACTERISTICS (ICL8048) Vs==±i5V, Ta = 25^C. iREF-imA, scale factor adjusted 
for 1V/decade unless otherwise specified. 



Operating Temperature Range 0°C to + 70°C 

Output Short Circuit Duration Indefinite 

Storage Temperature Range -65'*C to +150X 

Lead Temperature (Soldering, 10sec) 300**C 



PARAMETER 


TEST CONDITIONS 


8048BC 


8048CC 


UNIT 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


Dynamic Range 
l|N (1nA - 1mA) 
V|N (10mV - 10V) 


R|N = 10kn 


120 
60 






120 
60 






dB 
dB 


Error, % of Full Scale 


Ta = 25°C, l|N = 1nA to 1mA 




.20 


0.5 




.25 


1.0 


% 


Error, % of Full Scale 


Ta = 0°C to + 70°C, 
llN = InA to 1mA 




.60 


1.25 




.80 


2.5 


% 


Error, Absolute Value 


Ta = 25''C, l|N = 1nA to 1mA 




12 


30 




14 


60 


mV 


Error, Absolute Value 


Ta = 0°C to +70°C 
llN = InA to 1mA 




36 


75 




50 


150 


mV 


Temperature Coefficient of Vqut 


I|N = InA to 1mA 




0.8 






0.8 




mV/X 


Power Supply Rejection Ratio 


Referred to Output 




2.5 






2.5 




mV/V 


Offset Voltage (Ai & A2) 


Before Nulling 




15 


25 




15 


50 


mV 


Wideband Noise 


At Output, for l|N = 100iLtA 




250 






250 




/uV(RMS) 


Output Voltage Swing 


RL=10k^ 


±12 


±14 




±12 


±14 




V 


Rl = 2kn 


±10 


±13 




±10 


±13 




V 


Power Consumption 






150 


200 




150 


200 


mW 


Supply Current 






5 


6.7 




5 


6.7 


mA 



i 

I 

i 



TYPICAL PERFORMANCE CHARACTERISTICS 



TRANSFER FUNCTION FOR 
CURRENT INPUTS 



TRANSFER FUNCTION FOR 
VOLTAGE INPUTS 



SMALL SIGNAL BANDWIDTH AS A 
FUNCTION OF INPUT CURRENT 
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ICL8048/ICL8049 
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ABSOLUTE MAXIMUM RATINGS (ICL8049) 

Supply Voltage ±18V 

V|N (Input Voltage) ±15V 

Irep (Reference Current) 2mA 

Voltage between Offset Null and V^ ±0.5V 

Power Dissipation 750mW 

stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings only, and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 



Operating Temperature Range 0°C to +70X 

Output Short Circuit Duration Indefinite 

Storage Temperature Range - 65°C to + 1 50°C 

Lead Temperature (Soldering, 10sec) 300**C 



ELECTRICAL CHARACTERISTICS (ICL8049) Vs = 

for 1 decade (out) per volt (in), unless othenA^ise specified. 



±15V, Ta = 25''C, lREF = 1niA, scale factor adjusted 



PARAMETER 


TEST CONDITIONS 


8049BC 


8049CC 


UNIT 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


Dynamic Range (Vqut) 


VoUT = 10mV to 10V 


60 






60 






dB 


Error, Absolute Value 


Ta = 25°C, OV < V|N < 3V 




3 


10 




5 


25 


mV 


Error, Absolute Value 


Ta = 0°C to +70°C, 
OV < V|N < 3V 




20 


75 




30 


150 


mV 


Temperature Coefficient, Referred to V|n 


V,N = 3V 




0.38 






0.55 




mV/°C 


Power Supply Rejection Ratio 


Referred to Input, for 
V|si = OV 




2.0 






2.0 




/uV/V 


Offset Voltage (Ai & Aa) 


Before Nulling 




15 


25 




15 


50 


mV 


Wideband Noise 


Referred to Input, for 
V|N = OV 




26 






26 




mV(RMS) 


Output Voltage Swing 


RL-10k^ 


±12 


±14 




±12 


±14 




V 


Rl = 2kn 


±10 


±13 




±10 


±13 




V 


Power Consumption 






150 


200 




150 


200 


mW 


Supply Current 






6 


6.7 




5 


6.7 


mA 



TYPICAL PERFORMANCE CHARACTERISTICS 



TRANSFER FUNCTION 
(VouT AS A FUNCTION OF V|n) 
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ICL8048/ICL8049 

TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 



SMALL SIGNAL BANDWIDTH AS A FUNCTION OF 
INPUT VOLTAGE 
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SMALL SIGNAL VOLTAGE GAIN AS A FUNCTION 
OF INPUT VOLTAGE 
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ICL8048 DETAILED DESCRIPTION 

The ICL8048 relies for its operation on the well-known 
exponential relationship between the collector current and 
the base-emitter voltage of a transistor: 



lc=ls[eqVBE/kT_i] 



(1) 



For base-emitter voltages greater than 100mV, Eq. (1) 
becomes 



lc = iseqVBE/kT 



(2) 



From Eq. (2), it can be shown that for two identical 
transistors operating at different collector currents, the Vbe 
difference (AVbe) 's given by: 



AVbe = 



kT 
-2.303 X — logio 

q 



(3) 



Referring to Figure 3, It is clear that the potential at the 
collector of Q2 is equal to the A Vbe between Q-j and Q2. 
The output voltage is A Vbe multiplied by the gain of A2: 



Jref 



(4) 



R1+R2 kT 
VouT=-2.303|^— )|-)logio 

kT 
The expression 2.303 x tt has a numerical value of 59mV 

at 25°C; thus in order to generate 1 volt/decade at the 

output, the ratio (Ri + R2)/R2 is chosen to be 16.9 For this 

scale factor to hold constant as a function of temperature, 

the (Ri + R2)/R2 term must have a 1/T characteristic to 

compensate for kT/q. 

In the ICL8048 this is achieved by making R-| a thin film 
resistor, deposited on the monolithic chip. It has a nominal 
value of 15.9kl2 at 25*'C, and its temperature coefficient is 
carefully designed to provide the necessary compensation. 
Resistor R2 is external and should be a low T.C. type; it 
should have a nominal value of IkH to provide 1 volt/ 
decade, and must have an adjustment range of ±20% to 
allow for production variations in the absolute value of Ri. 



ICL8048 OFFSET AND SCALE FACTOR 
ADJUSTMENT* 

A log amp, unlike an op-amp, cannot be offset adjusted 
by simply grounding the input. This is because the log of 
zero approaches minus infinity; reducing the input current to 
zero starves Qi of collector current and opens the feed- 
back loop around Ai. Instead, it is necessary to zero the 
offset voltage of Ai and A2 separately, and then to adjust 
the scale factor. Referring to Figure 3, this is done as 
follows: 

1) Temporarily connect a lOkH resistor (Rq) between 
pins 2 and 7. With no Input voltage, adjust R4 until 
the output of Ai (pin 7) is zero. Remove Rq. 
Note that for a current input, this adjustment Is not 
necessary since the offset voltage of Ai does not 
cause any error for current-source inputs. 

2) Set l|N - Jref = 1mA. Adjust R5 such that the 
output of A2 (pin 10) is zero. 

3) Set i|N = IjuA, Iref = 1mA. Adjust R2 for Vqut = 3 
volts (for a 1 volt/decade scale factor) or 6 volts (for 
a 2 volt/decade scale factor). 

Step #3 determines the scale factor. Setting I|n = 1mA 
optimizes the scale factor adjustment over a fairly wide 
dynamic range, from 1mA to InA. Clearly, if the 8048 is to 
be used for inputs which only span the range lOOjuA to 
1mA, It would be better to set I|n = lOOpiA in Step #3. 
Similarly, adjustment for other scale factors would require 
different I in and Vqut values. 
*See A053 for an automatic offset nulling circuit. 
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Figure 3: ICt8048 Offset and Scale Factor Adjustment 
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ICL8049 DETAILED DESCRIPTION 

The ICL8049 relies on the same logarithmic properties of 
the transistor as the ICL8048. The input voltage forces a 
specific ^Vbe between Qi and Q2 (Figure 4). This Vbe 
difference is converted into a difference of collector cur- 
rents by the transistor pair. The equation governing the 
behavior of the transistor pair is derived from (2) on the 
previous page and is as follows: 



For voltage references equation 7 becomes 



VoUT 



,, Rqut 

= Vrefx- exp 

Rref 



-R2 qV|N 



(R1 + R2) kT 



(8) 



IC2 



= exp 



qAVBE 



kT 



When numerical values for q/kT are put into this equa- 
tion, it is found that a ^Vbe of 59mV (at 25°C) is required to 
change the collector current ratio by a factor of ten. But for 
ease of application, it is desirable that a 1 volt change at the 
input generate a tenfold change at the output. The required 
input attenuation is achieved by the network comprising Ri 
and R2. In order that scale factors other than one decade 
per volt may be selected, R2 is external to the chip. It 
should have a value of 1kfii, adjustable ±20%, for one 
decade per volt. R-j is a thin film resistor deposited on the 
monolithic chip; its temperature characteristics are chosen 
to compensate the temperature dependence of equation 5, 
as explained on the previous page. 

The overall transfer function is as follows: 



(6) 



'out 

= exp 
IREF 


-R2 qViN" 
, (Ri + R2) kT . 




Substituting Vqut = bUT x RoUT gives: 


VoUT = Ro 


UT Iref exp 


. (R 


-R2 qV|N 
I+R2)'' kT 1 



(7) 



ICL8049 OFFSET AND SCALE FACTOR 
ADJUSTMENT* 

As with the log amplifier, the antilog amplifier requires 
three adjustments. The first step is to null out the offset 
voltage of A2. This is accomplished by reverse biasing the 
base-emitter of Q2. A2 then operates as a unity gain buffer 
with a grounded input. The second step forces V|n - 0; the 
output is adjusted for VouT~10V. This step essentially 
"anchors" one point on the transfer function. The third step 
applies a specific input and adjusts the output to the correct 
voltage. This sets the scale factor. Referring to Figure 4, the 
exact procedure for 1 decade/volt is as follows: 

1) Connect the input (pin #16) to +15V. This reverse 
biases the base-emitter of Q2. Adjust R7 for 
Vqut = OV. Disconnect the input from + 1 5V. 

2) Connect the input to Ground. Adjust R4 for 
VouT= 10V. Disconnect the input from Ground. 

3) Connect the input to a precise 2V supply and adjust 
R2 for Vqut = 100mV. 

The procedure outlined above optimizes the performance 
over a 3 decade range at the output (i.e., Vqut ^rom 10mV 
to 10V). For a more limited range of output voltages, for 
example IV to 1 0V, it would be better to use a precise 1 volt 
supply and adjust for VouT'=' "IV. For other scale factors 
and/or starting points, different values for R2 and Rref will 
be needed, but the same basic procedure applies. 
*See A053 for an automatic offset nulling circuit. 
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Figure 4: ICL8049 Offset and Scale Factor Adjustment 



APPLICATIONS INFORMATION 
ICL8048 Scale Factor Adjustment 

The scale factor adjustment procedures outlined previ- 
ously for the ICL8048 and ICL8049, are primarily directed 
towards setting up 1 volt (AVqut) per decade (AI|n or 
AV|n) for the log amp, or one decade (^Vqut) per volt 
(AV|n) for the antilog amp. 

This corresponds to K = 1 in the respective transfer 
functions: 



EFFECT OF VARYING "K" ON THE LOG AMPLIFIER 



•in 



Log Amp: Vqut = -K log iof; 1 

IIrefJ 

Antilog Amp: Vqut-Rqut Iref 10" 



-V|N 
K 



(9) 
(10) 



By adjusting R2 (Figure 3 and Figure 4) the scale factor 
"K" in equation 9 and 10 can be varied. The effect of 
changing K Is shown graphically in Figure 5 for the log amp, 
and Figure 6 for the antilog amp. The nominal value of R2 
required to give a specific value of K can be determined 
from equation 1 1 . It should be remembered that Fif has a 
±20% tolerance in absolute value, so that allowance shall 
be made for adjusting the nominal value of R2 by ±20%. 
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EFFECT OF VARYING "K" ON THE ANTILOG AMPLIFIER 



R2 = 



941 



(K-.059) 



a 



(11) 



Frequency Compensation 

Although the op-amps in both the ICL8048 and the 
ICL8049 are compensated for unity gain, some additional 
frequency compensation is required. This is because the log 
transistors in the feedback loop add to the loop gain. In the 
8048, 150 pF should be connected between Pins 2 and 7 
(Figure 3). In the 8049, 200 pF between Pins 3 and 7 is 
recommended (Figure 4). 
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ICL8048/l<bL8049 

Error Analysis 

Performing a meaningful error analysis of a circuit con- 
taining log and antilog amplifiers is more complex than 
dealing with a similar circuit involving only op-amps. In this 
data sheet every effort has been made to simplify the 
analysis task, without in any way compromising the validity 
of the resultant numbers. 

The key difference in making error calculations in log/ 
antilog amps, compared with op-amps, is that the gain of 
the former is a function of the input signal level. Thus, it is 
necessary, when referring errors from output to input, or 
vice versa, to check the Input voltage level, then determine 
the gain of the circuit by referring to the graphs given in the 
Typical Performance Characteristics section. 

The various error terms in the log amplifier, the ICL8048, 
are Referred To the Output (RTO) of the device. The error 
terms in the antilog amplifier, the ICL8049, are Referred To 
the Input (RTI) of the device. The errors are expressed in 
this way because in the majority of systems a number of log 
amps interface with an antilog amp, as shown in Figure 7. 
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It is very straightforward to estimate the system error at 
node (A) by taking the square root of the sum-of-the 
squares of the errors of each contributing block. 



Total Error 



^V^ 



y2 + z2 



at (A) 



If required, this error can be referred to the system output 
through the voltage gain of the antilog circuit, using the 
voltage gain versus input voltage plot. 

The numerical values of x, y, and Z In the above equation 
are obtained from the maximum error voltage plots. For 
example, with the ICL8048BC, the maximum error at the 
output is 30mV at 25°C. This means that the measured 
output will be within 30mV of the theoretical transfer 
function, provided the unit has been adjusted per the 
procedures described previously. Figure 8 illustrates this 
point. 

To determine the maximum error over the operating 
temperature range, the to 70°C absolute error values 
given in the table of electrical characteristics should be 
used. For intermediate temperatures, assume a linear 
increase in the error between the 25**C value and the 70°C 
value. 

For the antilog amplifier, the only difference is that the 
error refers to the Input, i.e., the horizontal axis. It will be 
noticed that the maximum error voltage of the ICL8049, 
over the temperature range, is strongly dependent on the 



Iriput voltage. This is because the output amplifier, A2, has 
an offset voltage drift which is directly transmitted to the 
output. When this error Is referred to the input, it must be 
divided by the voltage gain, which is input voltage depen- 
dent. At V|N == 3V, for example, errors at the output are 
multiplied by 1 /.023 ( = 43.5) when referred to the input. 

TRANSFER FUNCTION FOR CURRENT INPUTS 
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It is important to note that both the ICL8048 and the 
ICL8049 require positive values of Iref. and the input 
(ICL8048) or output (ICL8049) currents (or voltages) re- 
spectively must also be positive. Application of negative I in 
to the ICL8048 or negative Iref to either circuit will cause 
malfunction, and if maintained for long periods, would lead 
to device degradation. Some protection can be provided by 
placing a diode between pin 7 and ground. 

SETTING UP THE REFERENCE CURRENT 

In both the ICL8048 and the ICL8049 the input current 
reference pin (Iref) is not a true virtual ground. For the 
ICL8048, a fraction of the output voltage is seen on Pin 1 6 
(Figure 3). This does not constitute an appreciable error 
provided Vref 's much greater than this voltage. A 10V or 
15V reference satisfies this condition. For the ICL8049, a 
fraction of the input voltage appears on Pin 3 (Figure 4), 
placing a similar restraint on the value of Vref- 

Alternatively, Iref can be provided from a true current 
source. One method of implementing such a current source 
is shown in Figure 9. 

LOG OF RATIO CIRCUIT, DIVISION 

The 8048 may be used to generate the log of a ratio by 
modulating the Iref Input. The transfer function remains 
the same, as defined by equation 9: 



VouT=-Klogio 



l|N 



iREF 



(9) 



Clearly It is possible to perform division using just one 
ICL8048, followed by an ICL8049. For multiplication, it is 
generally necessary to use two log amps, summing their 
outputs into an antilog amp. 

To avoid the problems caused by the Iref input not being 
a true virtual ground (discussed in the previous section), the 
circuit of Figure 9 is again recommended if the Iref Input is 
to be modulated. 
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DEFINITION OF TERMS 

In the definitions which follow, it will be noted that the 
various error terms are referred to the output of the log amp, 
and to the input of the antilog amp. The reason for this is 
explained on the previous page. 

DYNAMIC RANGE The dynamic range of the ICL8048 
refers to the range of Input voltages or currents over which 
the device is guaranteed to operate. For the ICL8049 the 
dynamic range refers to the range of output voltage over 
which the device is guaranteed to operate. 

ERROR, ABSOLUTE VALUE The absolute error is a 
measure of the deviation from the theoretical transfer 
function, after performing the offset and scale factor 
adjustments as outlined, (ICL8048) or (ICL8049). It is 
expressed in mV and referred to the linear axis of the 
transfer function plot. Thus, in the case of the ICL8048, it is 
a measure of the deviation from the theoretical output 
voltage for a given input current or voltage. For the ICL8049 
it Is a measure of the deviation from the theoretical input 
voltage required to generate a specific output voltage. 

The absolute error specification is guaranteed over the 
dynamic range. 



ERROR, % OF FULL SCALE The error as a percentage 
of full scale can be obtained from the following relationship: 



Error, % of Full Scale = 



1 00 x Error, absolute value 
FullScale Output Voltage 



TEMPERATURE COEFFICIENT OF Vqut OR Vin For 
the ICL8048 the temperature coefficient refers to the drift 
with temperature of Vqut ^or a constant Input current. 

For the ICL8049 it is the temperature drift of the input 
voltage required to hold a constant value of Vqut- 

POWER SUPPLY REJECTION RATIO The ratio of the 
voltage change in the linear axis of the transfer function 
(Vqut for the ICL8048, V|n for the ICL8b49) to the change 
in the supply voltage, assuming that the log axis is held 
constant. 

WIDEBAND NOISE For the ICL8048, this is the noise 
occurring at the output under the specified conditions. In the 
case of the ICL8049, the noise is referred to the input. 

SCALE FACTOR For the log amp, the scale factor (K) is 
the voltage change at the output for a decade (i. e. 10:1) 
change at the input. For the antilog amp, the scale factor is 
the voltage change required at the input to cause a one 
decade change at the output. See equations 9 and 10. 

APPLICATION NOTES 

For further applications assistance, see 
A007 "The ICL8048/8049 Monolithic Log-Antllog Amplifi- 
ers", by Ray Hendry 
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3 Power Transistor Driver/Amplifier 




GENERAL DESCRIPTION 

The ICL8063 is a unique mdnolithic power transistor 
driver and amplifier that allows construction of minimum 
chip power amplifier systems. It includes built in safe 
operating area circuitry,, short circuit protection and voltage 
regulators, and is primarily intended for di-iying complemen- 
tary output stages. 

Designed to operate with ail varieties of operational 
amplifiers and other functions, two external power transis- 
tors, and 8 to 10 passive components, the ICL8063 is ideal 
for use in such applications as linear and rotary actuator 
drivers, stepper motor drivers, servo mbtor drivers, power 
supplies, power DACs ahd electronically controlled orifices. 

The ICL8P63 takes the output levels (typically ±1 1V) from 
an op amp and boosts therh to ±30V to drive power 
transistors, (e.g. 2M3055 (NPN) and 2N3789 (PNP)). The 
outputs from the ICL8063 supply up to 100mA to the base 
leads of the external power transistors. 

The amplifier-driver contains internal positive and nega- 
tive regulators, to power an op amp or other device; thus, 
only ±30V supplies are needed for a complete power amp. 

ORDERING INFORMATION 



FEATURES 

• Converts ±12V Outputs From Op Amps and 
Other Linear Devices to ±30V Levels 

• When Used in Conjunction With Generai-Purpose 
Op Amps and External Complementary Power 
Transistors, System Can Deliver > 50 Watts to 
External Loads 

• Built-in Safe Area Protection and Short-Circult 
Protection 

• Produces 25mA Quiescent Current in Power 
Output Stage 

• Built-in ±13V Regulators to Power Op Amps or 
Other External Functions 

• 500kS2 Input Impedance With Rbias = IM^ 



PART NUMBER 


TEMPERATURE 
RANGE 


PACKAGE 


ICL8063MJE 


-55X to +125X 


CERDIP 


ICL8063CJE 


OX to +70*^0 


CERDIP 


ICL8063CPE 


OX to +70X 


PLASTIC DIP 




- vreg out d 

-I^BIAS H 
N.C. d 

FREQ.COMP.CAPAC. [J 
PNP BASE DRIVE OUTPUT (T 

- RSHORT CKT. PROT. [I 
OUTPUT [T 




m INPUT 

Hi + Vreg OUT 

jU -t-RBIAS 

ID V + 

ID GND 

u\ NPN BASE DRIVE OUTPUT 

Hi CURRENT COMP. CAPAC. 
Tj + RSHORT CKT. PROT. 



Figure 1: Functional Diagram 



Figure 2: Pin Configuration 
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ICL8063 



ABSOLUTE MAXIMUM RATINGS 

Supply Voltdge ±35V Operating Temperature Range 

Power Dissipation 500mW ICL8063I\/IJE -55°C to +125°C 

Input Voltage (Note 1) ±30V ICL8063CPE 0°C to +70°C 

Regulator Output Cun-ents 10mA ICL8063CJE 0°C to +70°C 

Storage Temperature Range - 65°C to + 1 50°C 

Lead Temperature (Soldering, 10sec) 300X 

stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings only, and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 

ELECTRICAL CHARACTERISTICS (Ta = 25»C; Vsupply = ±30V) 



SYMBOL 


CHARACTERISTIC 


TEST CONDITIONS 


MIN/MAX LIMITS 


UNIT 


ICL8063M 


ICL8063C 


-55X 


+ 25X 


+ 125"C 


OX 


+ 25X 


+ 70X 


Vqs 


Max. Offset Voltage 


See Figure 3 


150 


50 


50 




75 




mV 


IQH 


Mm. Positive Drive 
Current 


See Figure 4 


50 


50 


50 




40 




mA 


IQQ 


Max. Positive Output 
Quiescent Current 


See Figure 5 


500 


250 


250 




300 




ma 


•OL 


Min. Negative Drive 
Current 


See Figure 4 


25 


25 


25 




20 




mA 


IQL 


Max. Negative Output 
Quiescent Current 


See Figure 6 


500 


250 


250 




300 




/^ 


VreG 


Regulator Output Voltages 
Range 




±13.7 
±1.2V 


±13.7 
±1.0V 


±13.7 
±1.5V 


±13.7 
±1.0V 


±13.7 
±1.0V 


±13.7 
±1.0 V 


V 


Ireg 


Regulator Output Current 


(See Note 2) 


10 


10 






10 




mA 


Z|N 


A.C. Input Impedance 


See Figure 8 




400 

(Typ) 






400 

(Typ) 




ka 


Vsupply 


Power Supply Range 




±5 to ±35V 


V 


IQ 


Power Supply 
Quiescent Currents 




10 


6 


6 




7 




mA 


Av 


Range of Voltage Gam 


See Figure 9 
V,N = 8Vp-p 


6±2 


6±2 


6±2 




6±2 




V/V 


VOUT(MIN) 


Minimum Output Swing 


See Figure 9; Increase 
V|N until VouT flattens 


±27 


±27 


±27 




±27 




V 


'bias 


Input Bias Current 


See Figure 10 


100 


100 


100 




100 




mA 



00 

o 



NOTES: 1. 

2. 



For supply voltages less than ±30V the absolute maximum input 
Care should be taken to ensure that maximum power dissipation 



voltage is equal to the supply voltage, 
is not exceeded. 
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I ICL8063 

3 TEST CIRCUITS 



J. ^ _ — J ^ vouT = e (Vos) 



m 



o+aov 



[dlyim^Hl yll^ 






f j^mmf^Hti 



T3I3HHB 



RSIAS 4 



'ffiL,, 



iOH OR lOL 

mA 
METER 



'lOon 



FOR lour V|N IS POSITIVE: INCREASE V|n UNTIL Iqut LIMITS 
FOR lour V|N IS NEGATIVE: INCREASE V|n UNTIL louT LIMITS 



Figure 3: Offset Voltage Measurement 



Figure 4: Output Current l\/leasurement 



^n 



■f~^ 



Rbias > p— , 

TT lOH 



ii^iwFimi^ 



bii^yum^l^^ 



Rbias > 



Figure 5: Positive Output Quiescent Current 



p«— O+301 



Rl^ jlOmA 



Rl> 1 10mA \ ICL8063 



ME 



VREG Rbias < 

IMl!^ 



Hl^ 



Figure 7: On Chip Regulator l\/leasurement 



I • 0»30V 






Figure 6: Negative Output Quiescent Current 




Idl^ldtllfJbfJHW 



Figure 8: A.C. Input Impedance Measurement 
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ICL8063 

TEST CIRCUITS (CONT.) 



Rbias > , — , 



t— • — + 

T F- 
,(rb),.,wH.,i^mFimm, av^ 

\-y I viN 




Figure 9: Gain and Output Voltage 
Swing Measurement 




uii^yidbii^ijji^ 



Figure 10: Input Bias Current Measurement 



APPLICATIONS INFORMATION 

One problem faced almost every day by circuit designers 
is how to interface the low voltage, low current outputs of 
linear and digital devices to that of power transistors and 
darlingtons. 

For example, a low level op amp has a typical output 
voltage range of ±6 to ±12V, and output current usually on 
the order of about 5 milliamperes. A power transistor with a 
±35 volt supply, a collector current of 5 amperes, and a 
beta, or gain of 100 needs at least 50 milliamperes of drive. 

In the past, connecting two transistors with widely 
dissimilar requirements meant that a rather ornate discrete 
circuit had to be built to convert the weak output signals 
from the first into levels large enough to drive the second. 
However, in addition to converting voltage and current, it 
was also necessary to include a number of protection 
circuits to guard against damage from shorts, for example, 
and all this design work was both tedious and expensive. 

The ICL8063 provides a solution to these problems. It's a 
monolithic power transistor driver and power transistor 
amplifier circuit on the same chip, has all the necessary 
safe operating area circuitry and short circuit protection, 



and has on-chip ±13V voltage regulators to eliminate the 
need for extra external power supplies. 

Using the ICL8063 to make a complete 
Power Amplifier 

As Figure 1 1 shows, using the ICL8063 allows the circuit 
designer to build a power amplifier block capable of 
delivering ±2 amperes at ±25 volts (50 watts) to any load, 
with only three additional discrete devices and 8 passive 
components. Moreover, the circuit draws only about ±30 
milliamperes of quiescent current from either of the ±30V 
power supplies. A similar design using discrete components 
would require anywhere from 50 to 100 components. 

Slew rate is about the same as that of a 741 op amp, 
approximately 1V//lis. Input current, voltage offset, CMRR 
and PSRR are also the same. Use of 1,000 picofarad 
compensation capacitors (three in this configuration) allows 
good stability down to unity gain non-inverting (the worst 
case). This circuit will drive a lOOOpF Cl to Gnd, or in other 
words, the circuit can drive 30 feet of RG-58 coaxial cable 
for line driver applications with no problems. 



O 




1 Rb(as> 
sC iMnS 



-it^ 



Figure 11: Standard Circuit Diagram 





EXTERNAL 
POWER TRANSISTOR 
REST OF CIRCUITRY 
IS INTERNAL TO 
ICL8063 



TO OTHER SIDE 



Figure 12: Current Limiting (Safe Area) 
Protection Circuit (one side shown) 
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S ICt8063 



As Figure 12 indicates, setting up a current limiting (safe 
area) protection circuit is straightforward. Tiie 0.4 oiim, 5 
watt resistors set tiie maximum current one can get out of 
the output. The equation this SO A circuit follows is: for 
VoUT positive, 



/Vbe = lLR3- 



R2 



Rl +R2 



(VouT+IlR3-0.7V) 



«IlR3- 



R2 



Rl +R2 



(VoUT) 



for VouT negative, 
Vbe = IlR3 



R2 



Rl + R2 + R4 



(VoUT + I2R3 + 0.7) 



^ ILR3- 



R2 



Rl + R2 + R4 



(VoUT) 



Solving these equations we get the following: 



VoUT 


1 


II @ 25X 


II @ 125X 


24V 


1mA 


3 amps 


2.4 amps 


20V 


830iuA 


2.8 amps 




16V 


670mA 


2.6 amps 




12V 


500mA 


,2.4 amps 


1,8 amps 


8V 


333mA 


2.1 amps 




4V 


167)uA 


1.9 amps 




OV 


OjuA 


1.7 amps 


1.1 amps 



As this table indicates, maximum power delivered to a 
load is obtained when Vqut ^ 24V. 



Often design requirements necessitate an unsymmetrical 
output current capability. In that case, instead of the 0.4 
ohm resistors protecting the npn and pnp output stages, as 
shown in Figure 1 1 , simply substitute any other value. For 
example, if up to 3 amps are required when Vqut - + 24V 
and only 1 amp out when Vqut - -24V, use a 0.4 ohm 
resistor between pin 8 and pin 9 on the ICL8063 and a 1 
ohm, 2 watt resistor between pin 7 and pin 8. Maximum 
output current versus Vqut ^or varying values of protection 
resistors are as follows: 



VoUT 


0.4^ @ 25X 


0.68i2 @ 25X 


An @ 25X 


24V 
12V 
OV 


3 amps 
2.4 amps 
1.7 amps 


1.7 amps 
1.4 amps 
1.0 amps 


1.2 amps 
0.9 amps 
0.7 amps 



The biasing resistors located between pin 13 and pin 14 
and between pin 2 and pin 4 are typically ImO, for 
VsuPPLY = ±30V, which guarantees adequate perfor- 
mance in such applications as DC motor drivers, power 
DACs, programmable power supplies and line drivers (with 
±30 volt supplies). The table that follows shows the proper 
value for Rbias for optimum output current capability with 
supply voltages between ±5V and ±30V. 



±Vcc 


Rbias 


30V 


1 Ma 


25V 


680k!:2 


20V 


500ki2 


15V 


300k^ 


10V 


150k^ 


5V 


62k^ 



If 30V and 1 Mfil are used, performance curves appear as 
shown in Figure 13. 



-30 -25 -20 -15 -10 -5 





ADJUST ViN UNTIL 
SC00600I VouT FLATTENS THEN 

_ VouT 



Figure 13: Typical Performance Curve of l\/lax. OutpMt Current Vs. VsuPP For Fixed Rbias^ 1M^ 
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ICL8063 
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Figure 14: Bode Plot of Open Loop Gain of Above Schematic 
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Figure 15: Typical Performance of Rqut vs. Frequency of Power Amplifier System 




When buying external power transistors, careful attention 
should be paid to beta values. For 2N3055 and 2N3789 
transistors used in this circuit, beta should be no more than 
150 max at Ic = 20mA and Vqe = 30V. This beta value sets 
the quiescent current at less than 30mA when not delivering 
power to a load. 

The design in Figure 11 will tolerate a short circuit to 
ground Indefinitely, provided adequate heat sinking is used. 

However if Vqut 's shunted to ±30V the output transis- 
tors (2N3055 and 2N3789) will be destroyed, but since the 
safe operating area for these devices is 4 amps at 30 volts, 
the problem does not occur for VsuPP = ^15V. 

A typical bode plot of the power amplifier system open- 
loop frequency-response is shown in Figure 1 4. Referring to 
Figure 8, the schematic for this bode plot is shown in Figure 
14. 

Designing A Simple Function Generator 

Using a variation of the fundamental power amplifier 
building block described in the previous section, the 



ICL8063 can be used in the design of a simple, low cost 
function generator (Figure 16). It will supply sine waves, 
triangular waves and square waves from 2 hertz to 20 
kilohertz. This complete test instrument can be plugged into 
a standard 1 10V AC line for power. Vqut will be up to ±25V 
(50V p-p) across loads as small as 10 ohms (about 2.5 
amps maximum output current). 

Capacitor working voltages should be greater than 50V 
DC and all resistors should be 1/2W, unless otherwise 
indicated. The interconnecting leads from the 741 pins 2 
and 3 to their respective resistors should be kept short, less 
than 2 inches if possible; longer leads may result in 
oscillation. 

Full output swing is possible to about 5kHz; after that the 
output begins to taper off due to the slew rate of the 741 , 
until at 20kHz the output swing will be about 20Vpp (±10V). 
This problem can be remedied by simply using an op amp 
with a higher slew rate, such as the LF356. 
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Figure 16: Power Function Generator 



Building a Constant Current Motor Drive 
Circuit 

The constant current motor drive configuration shown in 
Figure 17 is an extremely simple circuit to construct using 
the ICL8063. This minimum device circuit can be used to 
drive DC motors where there is some lll^elihood of stalling or 
lock up; if the motor locks, the current drive remains 
constant and the system does not destroy itself. Using this 
approach two 6V batteries are sufficient for good perfor- 
mance. A 10 volt input will produce one amp of output 
current to drive the motor, and if the motor is stalled, IquT 
remains at 1 amp. 

For example, suppose it is necessary to drive a 24V DC 
motor with 1 amp of drive current. First make VsuPPLY a* 
least 6 volts more than the motor being driven (in this case 
30 volts). Next select Rbias according to VsuPPLY ^rom the 
data sheet, which indicates Rbias = "^ M12. Then choose 
R-j, R2, and Ra for optimum sensitivity. That means making 
Ra = 1 il^ to minimize the voltage drop across Ra (the drop 
will be 1 amp x 1 ohm or 1 volt). If 1 amp/volt sensitivity is 
desirable let R2 = Ri = 10kl2 to minimize feedback current 
error. Then a ±1V input voltage will produce a ±1 amp 
current through the motor. 

Capacitors should be at least 50 volts working voltage 
and all resistors 1 /2W, except for those valued at 0.4 ohms. 
Power across Ra = I x V = 1 amp x 1 volt = 1 watt, so at 
least a 2 watt value should be used. Use large heat sinks for 
the 2N3055 and 2N3791 power transistors. A Delta NC-641 
or the equivalent is appropriate. Use a thermal compound 



when mounting the transistor to the heat sink. (See Intersil 
ICH8510 data sheet for further information). 




Figure 17: Constant Current l\/lotor Drive 



Building A Low Cost 50 Watt per Channel 
Audio Amplifier 

For about $20 per channel, it is possible to build a high 
fidelity amplifier using the ICL8063 to drive 8 ohm speakers. 
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ICL8063 



A channel is defined here as all amplification between 
turntable or tape output and power output. (Figure 18) 

The input 741 stage is a preamplifier with R.I.A.A. 
equalization for records. Following the first 741 stage is a 
10ki2 control pot, whose wiper arm feeds into the power 
amplifier stage consisting of a second 741 , the ICL8063 and 
the power transistors. To achieve good listening results, 
selection of proper resistance values in the power amplifier 
stage is important. Best listening is to be found at a gain 
value of 6 [(5k^+ 1kn/1ki7 = 6)]. 3 is a practical mini- 
mum, since the first stage 741 preamp puts out only ±10 
volt maximum signals, and if maximum power is necessary 
this value must be multiplied by 3 to get ±30 volt levels at 
the output of the power amp stage. 



s 

Each channel delivers about 56 volts p-p across an 8 § 
ohm speaker and this converts to 50 watts RMS power, p 
This Is derived as follows: 



Power = 



8 ohms 



Vrms ~ 



56Vp.p 
2.82 



= 20V, (20V)2 = 400V2 



.'. Power = - 



400^^ 
8 ohms 



= 50 watts RMS Power. 



Distortion will be < 0.1% up to about 100Hz, and then it 
increases as the frequency Increases, reaching about 1 % 
at 20kHz. 

The ganged switch at the input is for either disc playing or 
FM, either from an FM tuner or a tape amplifier. Assuming 
DC coupling on the outputs, there is no need for a DC 
reference to ground (resistor) for FM position. To clear the 
signal in the FM position, place a 51 k^resistor to ground as 
shown in Figure 18 (from FM input position to ground). 
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Figure 18: Hi-Fi Amplifier 
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Figure 19: Typical Performance Curve of 
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Figure 20: Typical Performance Curve of Input Impedance Versus Frequency 

for Typical Circuit Shown 



Note: Intersil offers a hybrid power amplifier similar to that shown in Figure 11. See ICH851 0/8520/8530 data sheet for details. 
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LH2108/LH2308 

Dual Super-Beta Operational 
Amplifier 



GENERAL DESCRIPTION 

The LH2108A/LH2308A and LH2108/LH2308 series of 
dual operational amplifiers consist of two LM108A or 
LM108 type op amps in a single hermetic package. Featur- 
ing all the same performance characteristics of the single 
device, these duals also offer closer thermal tracking, lower 
weight, and reduced insertion cost. 
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FEATURES 


o 


• Low Offset Current — 50pA 


00 


• Low Offset Voltage — 0.7mV 




• Low Offset Voltage 




LH2108A: 0.3mV 




LH2108: 0.7mV 




• Wide Input Voltage Range — ± 15V 




• Wide Operating Supply Range — ±3V to ±20V 





ORDERING INFORMATION 



PART NUMBER 


TEMPERATURE RANGE 


PACKAGE 


LH2108D 


-55°C to +125°C 


16-PIN 
CERAMIC 


LH2108AD 


-55°C to +125°C 


LH2308D 


O^'C to +70°C 


LH2308AD 


0°C to +70^ 



INV 
INPUT 




INV 


o'' 


INPUT 




NON-INV 


0^' 


INPUT 





-O v+ 
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Figure 1: Functional Diagram 



Figure 2: Pin Configuration 
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I LHai08/I.H2308 

S ABSOLUTE MAXIMUM RATINGS 

O Supply Voltage ±20V 

C4 Power Dissipation (Note 1) 500mW 

X Differential Input Current (Note 2) ±10mA 

"■ Input Voltage (Note 3) ±15V 

Output Short Circuit Duration Continuous 

ELECTRICAL CHARACTERISTICS (See Note 4) 
(LH2108/LH2308) 



Operating Temperature Range 

LH2108A/LH2108 -55°C to +125X 

LH2308A/LH2408... 0°C to +70'C 

Storage Temperature Range -65°C to + 1 50°C 

Lead Temperature (Soldering, 10sec) SOOX 



PARAMETER 


TEST CONDITIONS 


LIMITS 


UNIT 


LH2108 


LH2308 


Input Offset Voltage 


Ta = 25°C 


2.0 


7.5 


mV Max 


Input Offset Current 


Ta = 25'C 


0.2 


1.0 


nA Max 


Input Bias Current 


Ta = 25^C 


2.0 


7.0 


Input Resistance (Note 5) 


Ta = 25°C 


30 


10 


Ma Mm 


Supply Current 


Ta = 25-C 


0.6 


0.8 


mA Max 


Large Signal Voltage Gain 


Ta = 25°C Vs = ±15V 
VouT = ±10V, RL>10k^ 


50 


25 


V/mV Mm 


Input Offset Voltage 




3.0 


10 


mV Max 


Average Temperature Coefficient 
of Input Offset Voltage (Note 6) 




15 


30 


(xwrc Max 


Input Offset Current 




0.4 


1.5 


nA Max 


Average Temperature Coefficient 
of Input Offset Current (Note 6) 




2.5 


10 


pA/°C Max 


Input Bias Current 




3.0 


10 


nA Max 


Supply Current 


Ta= +125"'C 


0.4 


- 


mA Max 


Large Signal Voltage Gain 


Vs = ±15V, Vout = ±iov 
RL>10kJ:2 


25 


15 


V/mV Min 


Output Voltage Swing 


Vs = ±15V, RL = 10kf2 


±13 


±13 


V Min 


Input Voltage Range 


Vs = ±15V 


±13.5 


' ±14 


Common Mode Rejection Ratio 


Vs = ±15V, VcM = ±13.5V 


85 


80 


dB Mm 


Supply Voltage Rejection Ratio 


±5V to ±20V 


80 


80 


ELECTRtCAL CHARACTERISTICS — LH2108/LH2308 


Input Offset Voltage 


Ta = 25''C 


0.5 


0.5 


mV Max 


Input Offset Current . 


Ta = 25°C 


0.2 


1.0 


nA Max 


Input Bias Current 


Ta = 25°C 


2.0 


7.0 


Input Resistance 


Ta = 25°C 


30 


10 


Ma Mm 


Supply Current 


Ta = 25°C 


0.6 


0.8 


mA Max 


Large Signal Voltage Gain 


Ta = 25°C Vs = ±15V 
VouT = ±10V, RL>10k^ 


80 


80 


V/mV Mm 


Input Offset Voltage 




1.0 


0.73 


mV Max 


Average Temperature Coefficient 
of Input Offset Voltage (Note 6) 




5 


5 


/iV/°C Max 


Input Offset Current 




0.4 


1.5 


nA Max 


Average Temperature Coefficient 
of Input Offset Current (Note 6) 




2.5 


10 X 


pArC Max 


Input Bias Current 




3.0 


10 


nA Max 


Supply Current 


Ta= +125°C 


0.4 


- 


mA Max 


Large Signal Voltage Gam 


Vs = ±15V, Vout = ±iov 
RL>10kJr2 


40 


60 


V/mV Min 


Output Voltage Swing 


Vs = ±15V, RL=10kn 


±13 


±13 


V Mm 


Input Voltage Range 


Vs = ±15V 


±13.5 


±14 
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LH2108/LH2308 

ELECTRICAL CHARACTERISTICS (CONT.) 



PARAMETER 


TEST CONDITIONS 


LIMITS 


UNIT 


LH2108 


LH2308 


Common Mode Rejection Ratio 




96 


96 


dB Min 


Supply Voltage Rejection Ratio 




96 


96 



to 

s 



10 

s 



NOTES: 1. The maximum junction temperature of the LH2108/A is ISCC, and that of the LH2308/A Is SS^C. The thermal resistance of the 
packages is 100°C C/W, junction to ambient. 
2.. The inputs are shunted with back-to-back diodes for overvoltage protection. Therefore, excessive current will flow if a differential input 
voltage in excess of 1V is applied between the inputs unless some limiting resistance is used. 

3. For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 

4. These specifications apply for ±5V< Vs<±20V and -55°C<Ta< 125°C, unless othenwise specified, and the LH2308A/LH2308 for 
±5V < Vs < 15V and OX < Ta < 70X. 

5. Input resistance is guaranteed by Input Bias Current test. 

6. For Design only, not 100% tested. 



STANDARD 
COMPENSATION CIRCUIT 



ALTERNATE* 
FREQUENCY COMPENSATION 



FEEDFORWARD 
COMPENSATION 




VOUT 



+V|N 




'Improves rejection 
of power supply 
noise by a factor 
of ten. 



VoUT 




•VoUT 



150 pF 



Figure 3: Auxiliary Circuit 
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LM108/A, LM308/A 

Super-Beta Operational Amplifier 




GENERAL DESCRIPTION 

These differential input, precision amplifiers provide low 
input currents and offset voltages comparable to FET and 
chopper stabilized amplifiers. They feature low power 
consumption over a supply voltage range of > 2V to ±20V. 
The amplifiers may be frequency compensated with a single 
external capacitor. The LM108A and LM308A are high 
performance selections from the 108/308 amplifier family. 

ORDERING INFORMATION 



FEATURES 

• Input Bias Current — 2nA Max to 7nA Max 

• Input Offset Current — 0.2nA Max to 1nA Max 

• Input Offset Voltage — 0.5m V Max to 7.5m V Max 

• AVos/AT — 5mV/°C to 30mV/X 

• Alos/AT — 2.5pA/°C to 10pA/°C 

• Pin for Pin Replacement for 101 A/301 A 



PART 
NUMBER 


TO-99 
CAN 


8 PIN 
MINIDIP 


14 PIN 
CERDIP 


10 PIN 
FLATPAK 


** DICE 


LM108A 
LM308A 


LM108AH* 
LM308AH 


LM308AN 


LM108AJ 
LM308AJ 


LM108AF 
LM308AF 




LM108 
LM308 


LM108H* 
LM308H 


LM308N 


LM108J 
LM308J 


LM108F 
LM308F 


LM308/D 



*lf 883C processing is desired add /88^C to part number. 

** Parametric Min/Max Limits guaranteed at 25°C only for DICE orders. 



freqcompaC 



Dfreqcompb 



I [; -^<L- ^ OUT 

v-Q 3nc 



(outline dwg PA) 



FREQCOMP B 




TOI» VIEW 

(outline dwg TY) 




TOP VIEW 

(outline dwg JD) 




(outline dwg FB-1) 



CD01620I 

Figure 1: Pin Configurations 
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LM108/A, LM308/A 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 

108, 108A ±20V 

308, 308A ±18V 

Internal Power Dissipation (Note 1) 

Metal CAn (TO-99) SOOmW 

DIP..... SOOmW 

Differential Input Current (Note 2) ±10mA 

ELECTRICAL CHARACTERISTICS (Ta = 25X 



Input Voltage (Note 3) ±15V 

Output Short-Circuit Duration I ndef inite 

Operating Temperature Range 

108, 108A -55°C to +125X 

308, 308A OX to +70X 

Storage Temperature Range - 65°C to + 1 SO'^C 

Lead Temperature (Soldering, lOsec) 300°C 

unless othenvise specified) (Note 4) 



PARAMETER 


TEST CONDITIONS 


308 


308A 


108 


108A 


UNIT 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


input Offset Voltage 






2.0 


7.5 




0.3 


0.5 




0.7 


2.0 




0.3 


0.5 


mV 


Input Offset Current 






0.2 


1.0 




0.2 


1.0 




0.05 


0.2 




0.05 


0.2 


nA 


Input Bias Current 






1.5 


7 




1.5 


7 




0.8 


2.0 




0.8 


2.0 


nA 


input Resistance 


Note 5 


10 


40 




10 


40 




30 


70 




30 


70 




MJ2 


Supply Current 


Vs = ±20V 
Vs = ±15V 




0.3 


0.8 




0.3 


0.8 




0.3 


0.6 




0.3 


0.6 


mA 
mA 


Large Signal 
Voltage Gam 


Vs = ±15V, VouT = ±10V 
RL>10kJ2 


25 


300 




80 


300 




50 


300 




80 


300 




V/mV 


THE FOLLOWING SPECIFICATIONS APPLY OVER THE OPERATING TEMPERATURE RANGES | 


Input Offset Voltage 








10 






0.73 






3.0 






1.0 


mV 


Input Offset Current 








1.5 






1.5 






0.4 






0.4 


nA 


Average Temperature 
Coefficient of Input 
Offset Voltage 


Note 6 




6.0 


30 




1.0 


5.0 




3.0 


15 




1.0 


5.0 


mv/°c 


Average Temperature 
Coefficient of Input 
Offset Current 


Note 6 




2 


10 




2.0 


10 




0.5 


2.5 




0.5 


2.5 


pA/X 


input Bias Current 








10 






10 






3.0 






3.0 


nA 


Large Signal 
Voltage Gain 


Vs = ±15V, VouT = ±"IOV 
RL>10kf2 


15 






60 






25 






40 






V/mV 


Input Voltage Range 


Vs = ±15V 


±13.5 






±13.5 






±13.5 






±13.5 






V 


Common Mode 
Rejection Ratio 


V5 = ±15V 
VcM = ± 13.6V 


80 


100 




96 


110 




85 


100 




96 


110 




dB 


Supply Voltage 
Rejection Ratio 


±5V to ±20V 


80 


96 




96 


110 




80 


96 




96 


110 




dO 


Output Voltage 
Swing 


Vs = ±15V, RL=10l<f2 


±13 


±14 




±13 


±14 




±13 


±14 




±13 


±14 




V 


Supply Current 


Ta= +t25X, Vs = ±20V 
















015 


0.4 




0.15 


0.4 


mA 



NOTES: 1 Derate Metal Can package at 6.8 mW/°C for operation at ambient temperatures above 75°C and the Dual In-Line package at 9mW/ 
°C for operation at ambient temperatures above 95°C. 

2 The inputs are shunted with back-to-back diodes for over-voltage protection. Therefore, excessive current will flow if a differential input 
voltage in excess of 1V is applied between the inputs unless some limiting resistance is used. 

3 For supply voltages less than ±15V, the maximum input voltage is equal to the supply voltage. 

4. Unless othenwise specified, these specifications apply for supply voltages from +5V to ±20V for the 108, and 108A and +5V to 

±15V for the 308 and 308A. 
5 Input resistance is guaranteed by Input Bias Current test. 
6. For Design only, not 100% tested. 
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$ yyflog/A, yM308/A 



s 



TYPICAL PERFORMANCE CHARACTERISTICS 
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LM108/Ap LM308/A 

TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 



CLOSED LOOP 
OUTPUT IMPEDANCE 



LARGE SIGNAL 
FREQUENCY RESPONSE 



VOLTAGE FOLLOWER 
PULSE RESPONSE 
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GUARDING 

Extra care must be taken in the assembly of printed 
circuit boards to take full advantage of the low input 
currents of the 108 amplifier. Boards must be thoroughly 
cleaned with TCE or alcohol and blown dry with com- 
pressed air. After cleaning, the boards should be coated 
with epoxy or silicone rubber to prevent contamination. 

Even with properly cleaned and coated boards, leakage 
currents may cause trouble at 1 25°C, particularly since the 
input pins are adjacent to pins that are at supply potentials. 
This leakage can be significantly reduced by using guarding 
to lower the voltage difference between the inputs and 
adjacent metal runs. Input guarding of the 8-lead TO-99 
package is accomplished by using a 1 0-lead pin circle, with 
the leads of the device formed so that the holes adjacent to 
the inputs are empty when it is inserted in the board. The 
guard, which is a conductive ring surrounding the inputs, is 
connected to a low impedance point that is at approximate- 
ly the same voltage at the inputs. Leakage currents from 
high-voltage pins are then absorbed by the guard. 

The pin configuration of the dual in-line package is 
designed to facilitate guarding, since the pins adjacent to 
the inputs are not used (this is different from the standard 
741 and 101 A pin configuration). 




Figure 2: Frequency Compensation Circuit 

STANDARD CIRCUIT 



80 120 


160 


TIME (^s) 






OP02310I 




Figure 3: Frequency Compensation Circuit 

ALTERNATE CIRCUIT IMPROVES REJECTION OF 
POWER SUPPLY NOISE BY A FACTOR OF TEN 
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§ NE/SE592 

j^ Video Amplifier 




GENERAL DESCRIPTION 

The NE/SE692 is a monolithic, two-stage, differential 
output, wideband video amplifier. It offers fixed gains of 1 00 
and 400 without external components and adjustable gains 
from to 400 with one external resistor. The input stage has 
been designed so that with the addition of a few external 
reactive elements between the gain select terminals, the 
circuit can function as a high pass, low pass, or band pass 
filter. This feature makes the circuit ideal for use as a video 
or pulse amplifier in communications, magnetic memories, 
display, video recorder systems, and floppy disc head 
amplifiers. The NE/SE592 is a pin-for-pin replacement for 
the MA733 in most applications. 



FEATURES 

• 120MHz Bandwldtli 

• Adjustable Gains From to 400 

• Adjustable Pass Band 

• No Frequency Compensation Required 

• Wave Shaping With Minimal External 
Components 



ORDERING INFORMATION 






BASIC 

PART 

NUMBER 


TEMP 
RANGE 


PACKAGE 


14-PIN 
PLASTIC 


14-PIN 
CERDIP 


10-PIN 
TO-100 


8-PIN 
MINI DIP 


SE592 


-55°C to 


— 


SE592F 


SE592H 


~ 


NE592 


ox to 
+ 70°C 


NE592N 


NE592F 


NE592H 


NE592N-8 



i 

i 



24k >10k 



I" 




\ 



Ol 



< 



.1 ©OUTPUT 2 



Figure 1: Functional Diagram (Resistor Values Nominal Only) 



14-Pin DIP Package 
(JD, PD Package) 



10-Pln TO-100 Package 
(H Package) 



S-Pin DIP Package 
(N-8 Package) 





Q2B6AiN\ 
SELECT * 



INPUT 1 \T 
GiA GAIN SELECT [T 

v-jT 

OUTPUT 1 [T 



'J\ INPUT 2 

T| Gib gain select 

T] OUTPUT 2 



Note: Pin 5 connected to case. 
Figure 2: Pin Configurations 
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NE/SE592 



ABSOLUTE MAXIMUM RATINGS 

Supply Voltage ±8V Operating Temperature Range 

Differential Input Voltage ±5V SE592 -55°C to +125°C 

Common-Mode Input Voltage +6V NE592 0**C to +70X 

Output Current 10mA Storage Temperature Range -65°C to +150°C 

Power Dissipation 500mW 

Lead Temperature (Soldering, 10sec) 300°C 

Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to 
absolute maximum rating conditions for extended penods may affect device reliability. 

ELECTRICAL CHARACTERISTICS 

Ta = +25°C, VsuPPLY = ±6V, VcM = unless othenA^ise specified. Vs = ±6.0V 



m 
m 

s 

10 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


NE592 


SE592 


UNIT 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


AvOL 


Differential Voltage Gam 
Gam 1 (Note 1) 
Gam 2 (Note 2) 


Rl = 2ka VoUT = 3Vp-p 


250 
80 


400 
100 


600 
120 


300 
90 


400 
100 


500 
110 


V/V 


BW 


Bandwidth 
Gam 1 (Note 1) 
Gain 2 (Note 2) 






40 
90 






40 
90 




MHz 


tr 


Rise Time 
Gam 1 (Note 1) 
Gain 2 (Note 2) (Note 4) 


VoUT = 1Vp-p 




10.5 
4.5 


12 




10.5 
4.5 


10 


ns 


td 


Propagation Delay 
Gam 1 (Note 1) 
Gain 2 (Note 2) (Note 4) 


V0UT=1Vp-p 




7.5 
6.0 


10 




7.5 
6.0 


10 


ns 


R|N 


Input Resistance 
Gam 1 (Note 1) 
Gam 2 (Note 2) 




10 


4.0 
30 




20 


4.0 
30 




k^ 


C|N 


Input Capacitance (Note 2) (Note 4) 


Gam 2 




2.0 






20 




PF 


IQS 


Input Offset Current 






0.4 


5.0 




0.4 


3.0 


ma 


'bias 


Input Bias Current 






9.0 


30 




9.0 


20 


HA 


in 


Input Noise Voltage 


BW=1kHz to 10MHz 




12 






12 




fxV rms 


AV|N 


Input Voltage Range 








±1.0 






±1.0 


V 


CMRR 


Common-Mode Rejection Ratio 
Gam 2 (Note 2) 
Gam 2 (Note 2) 


VcM ±1V, f< 100kHz 
VcM ±1V, f = 5MHz 


60 


86 
60 




60 


86 
60 




dB 


PSRR 


Supply Voltage Rejection Ratio 
Gain 2 (Note 2) 


AVs = ±0.5V 


50 


70 




50 


70 




dB 


voo 


Output Offset Voltage 
Gam 2 (Note 2) 


Rl = - 




35 


0.75 




0.35 


0.75 


V 


Vqcm 


Output Common-Mod^ Voltage 


RL = oo 


2.4 


2.9 


3.4 


2.4 


2.9 


3.4 


V 


Vo(DIFF) 


Differential Output Voltage Swing 


Rl = 2k^ 


3.0 


4.0 




30 


4.0 




V 


Ro 


Output Resistance 






20 






20 




a 


1 + 


Power Supply Current (Note 3) 


Rl. = oo 




18 


24 




18 


24 


mA 



NOTES: 1 Gam select pins Gia and Gib connected together. 
2. Gam select pins G2A and G2B connected together. 
3 Recommended supply voltage = ±6V 
4. For design reference only, not 100% tested 
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I NE/SE5d2 

S TYPICAL APPLICATIONS 
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Filter Networks 










SCHEMATIC 


FILTER 
TYPE 


Y?/S)TF^ANSFER 
Vi FUNCTION 


R 


L 




LOW PASS 


1.4x10"^ 


1 






L 


s + R/L 


R 


C 
1 1 




HIGH PASS 


1.4x10^ 


s 






l|- 


— o 


R 


S+1/RC 


R 
O—VW— 


L 

— rww_ 


c 

-0 


BAND PASS 


1.4 xlO"^ 


s 




L 


s^ + R/L S + 1/LC 


« r 


L 

c 


u 


BAND REJECT 


1.4 xlO"^ 


s^ + l/LC 






R 


s^ + 1/LC + s/RC 



NOTE: In the networks above, the R value used is assumed to include the 
internal 2re of approximately 32^. 



Figure 3: Basic Configuration 



E 



AMPLITUDE: 1-10mVp-p 
FREQUENCY: 1-4WHz 




READ HEAD DIFFERENTiATOR/AMPUFlER 



ZERO CROSSING DETECTOR 



Figure 4: Disc/Tape l\/lodulated Readback Systems 
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NE/SE592 



For frequency f i < < 1 /27r(32)C 
dV, 



Vo = 1.4x10'^C 



dt 




Figure 5: Differentiation with IHigh Common 
Noise Rejection 



01 
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Section 5 — Special Analog 

Functions 




AD590 

2-Wire Current Output 
Temperature Transducer 




GENERAL DESCRIPTION 

The AD590 is an integrated-circuit temperature transduc- 
er which produces an output current proportional to abso- 
lute temperature. The device acts as a high impedance 
constant current regulator, passing 1/xA/°K for supply 
voltages between + AM and + 30V. Laser trimming of the 
chip's thin film resistors is used to calibrate the device to 
298.2mA output at 298.2°K ( + 25°C). 

The AD590 should be used in any temperature-sensing 
application between -55°C and + 150°C (0°C and 70°C for 
TO-92) in which conventional electrical temperature sen- 
sors are currently employed. The inherent low cost of a 
monolithic integrated circuit combined with the elimination 
of support circuitry makes the AD590 an attractive alterna- 
tive for many temperature measurement situations. Linear- 
ization circuitry, precision voltage amplifiers, resistance- 
measuring circuitry and cold-junction compensation are not 
needed in applying the AD590. In the simplest application, a 
resistor, a power source and any voltmeter can be used to 
measure temperature. 

In addition to temperature measurement, applications 
include temperature compensation or correction of discrete 
components, and biasing proportional to absolute tempera- 
ture. The AD590 is available in chip form making it suitable 
for hybrid circuits and fast temperature measurements in 
protected environments. 

The AD590 is particularly useful in remote sensing 
applications. The device is insensitive to voltage drops over 
long lines due to its high-impedance current output. Any 
well-insulated twisted pair is sufficient for operation hun- 
dreds of feet from the receiving circuitry. The output 
characteristics also make the AD590 easy to multiplex: the 
current can be switched by a CMOS multiplexer or the 
supply voltage can be switched by a logic gate output. 



FEATURES 

• Linear Current Output: 1/xA/°K 

• Wide Range: -55°C to +150°C 

• Tw6-Terminal Device: Voltage In/Current Out 

• Laser Trimmed to ±0.5°C Calibration Accuracy 
(AD590M) 

• Excellent Linearity: ±0.5°C Over Full Range 
(AD590M) 

• Wide Power Supply Range: +4V to +30V 

• Sensor Isolation From Case 

• Low Cost 

ORDERING INFORMATION 



NON-LINEARITY 
(°C) 


PART NUMBER/PACKAGE 


TO-52 
PACKAGE 


TO-92 
PACKAGE 


DICE** 


±3.0 
±1.5 
±0.8 
±0.4 
±0.3 


AD590IH 
AD590JH 
AD590KH 
AD590LH 
AD590MH 


AD590IZR 
AD590JZR 


AD590/D 


TEMPERATURE 
RANGE 


-55°C to 
+ 150X 


0°C to 
+ 70°C 


DICE 



'Parameter Mm/Max Limits guaranteed at 25°C only for DICE orders 




< 




ca6e ^ W U + 

(outline dwg TO-52) 




SUBSTRATE 
' (LEAVE FLOATING) 

(outline dwg TO-92) 

PC00421I 



DS01660I 

Figure 1: Functional Diagram 



Figure 2: Pin Configurations 
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AD590 



< ABSOLUTE MAXIMUM RATINGS (Ta= +25°C unless otherwise noted) 



Fon/vard Voltage (V^ to V") +44V 

Reverse Voltage (V"^ to V") -20V 

Breakdown Voljtage (Case to V"^ or V") ±?00V 

Storage Temperature Range ....-65X to +150X 

stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 



Rated Performance Temperature Range 

TO-92 0°C to +70°C 

TO-52 -55°C to +150°C 

Lead Temperature (Soldering, 10sec) +300X 



SPECIFICATIONS (Typical values at Ta= +25X, 


V "^ = 5V unless otherwise noted) 






CHARACTERISTICS 


AD590I 


AD590J 


AD590K 


AD590L 


AD590M 


UNIT 


Output 
Nominal Output Current @ + 125°C(298.2°K) 


298.2 


298.2 


298.2 


298.2 


298.2 


MA 


Nominal Temperature Coefficient 


1.0 


1.0 


1.0 


1.0 


1.0 


mA/" k 


Calibration Error @ + 25°C (Notes 1, 5) 


±10.0 max 


±5.0 max 


±2 5 max 


±1 max 


±0.5 max 


X 


Absolute Error (-55°C to +150°C) (Note 7) 
Without External Calibration Adjustment 
With External Calibration Adjustment 


±20.0 max 
±5.8 max 


±10 max 
±3 max 


±5.5 max 
±2 max 


±3.0 max 
± 1 6 max 


±1.7 max 
±1 max 


°C 

°c 


Non-Lineanty (Note 6) 


±3.0 max 


±1.5 max 


±0.8 max 


±0.4 max 


±0.3 max 


°c 


Repeatability (Notes 2, 6) 


±0.1 max 


±0.1 max 


±0.1 max 


±0.1 max 


±0.1 max 


X 


Long Term Drift (Notes 3, 6) 


±0.1 max 


±0 1 max 


±0.1 max 


±0.1 max 


±0.1 max 


X/month 


Current Noise 


40 


40 


40 


40 


40 


pA/VHi 


Power Supply Rejection: 
+ 4V< V^ < +5V 
+ 5V< V"*" < +15V 
+ 15V<V+<+30V 


0.5 
0.2 
0.1 


0.5 
0.2 
0.1 


0.5 
0.2 
0.1 


0.5 
0.2 
0.1 


0.5 
0.2 
0.1 


ma/v 

iuA/V 
juA/V 


Case Isolation to Either Lead 


10^0 


10^0 


10^0 


loio 


10^0 


a 


Effective Shunt Capacitance 


100 


100 


100 


100 


100 


PF 


Electrical Turn-On Time (Note 1) 


20 


20 


20 


20 


20 


jUS 


Reverse Bias Leakage Current (Note 4) 


10 


10 


10 


10 


10 


pA 


Power Supply Range 


+ 4 to +30 


+ 4 to +30 


+ 4 to +30 


+ 4 to +30 


+ 4 to +30 


V 



NOTES: 1. Does not include self heating effects. 

2. Maximum deviation between +25°C reading after temperature cycling between -55X and +15p°C (OX and 70X for TO-92). 

3. Conditions: Constant + 5V, constant + 1 25°C 

4. Leakage current doubles every + 1 0°C. 

5. Mechanical strain on package (especially TO-92) may disturb calibration of device. 

6. Guaranteed. But not tested 

7. -55"'C Guaranteed by testing @ +25"'C and @ +150°C. 

TRIMMING OUT ERRORS 



The ideal graph of current versus temperature for the 
AD590 is a straight line, but as Figure 3 shows, the actual 
shape is slightly different. Since the sensor is limited to the 
range of -55°C to +150°C (0°C to 70°C for TO-92), it is 
possible to optimize the accuracy by trimming. Trimming 
also permits extracting maximum performance from the 
lower-cost sensors. 

The circuit of Figure 4 trims the slope of the.ADSQO 
output. The effect of this is shown in Figure 5. 

The circuit of Figure 6 trims both the slope and the offset. 
This is shown in Figure 7. The diagrams are exaggerated to 
show effects, but it should be clear that these trims can be 
used to minimize errors over the whole range, or over any 
selected part of the range. In fact, it is possible to adjust the 
l-grade device to give less than 0.1 °C error over the range 
0*C to 90**C and less than 0.05**C error from 25°C to 60°C. 




EXAGGERATED) 



Figure 3: Trimfr.ing Out Errors 
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Figure 4: Slope Trimming 
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Figure 5: Effect of Slope Trim 
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Figure 6: Slope and Offset Trimming 



ACCURACY 

Maximum errors over limited temperature spans, with 
Vs = + 5V, are listed by device grade in the following tables. 
The tables reflect the worst-case linearities, which Invari- 
ably occur at the extremities of the specified temperature 
range. The trimming conditions for the data in the tables are 
shown in Figures 4 and 5. 

All errors listed in the tables are ±**C. For example, if 
± 1 **C maximum error is required over the + 25°C to + 75**C 
range (i.e., lowest temperature of +25*'C and span of 
50°C), then the trimming of a J-grade device, using the 
single-trim circuit (Figure 4), will result in output having the 
required accuracy over the stated range. An M-grade device 
with no trims will have less than ±0.9°C error, and an 
l-grade device with two trims (Figure 5) will have less than 
±0.2*'C error. If the requirement is for less than ±1.4°C 
maximum error, from -25°C to +75*'C (100** span from 
-25**C), it can be satisfied by an M-grade device with no 
trims, a K-grade device with one trim, or an l-grade device 
with two trims. 



> 
01 







a) Untrimmed 

SC00520I 



b) Trim One: Offset c) Trim Two: Slope d) Trim Three: Offset Again 

SC00530I SC00540I SC00550I 

Figure 7: Effect of Slope and Offset Trimming 
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§ AD590 

iO 

^ I GRADE — MAXIMUM ERRORS, 'C 



NUMBER 

OF 

TRIMS 


TEMPERATURE 
SPAN— ^C 




LOWEST TEMPERATURE IN SPA^ 


1— X 




-55 


-25 





+ 25 


+ 50 


+ 75 


+ 100 


+ 125 


None , 


10 


8.4 


9.2 


10.0 


10.8 


11.6 


12.4 


13.2 


14.4 


None 


25 


10.0 


10.4 


11.0 


11.8 


12.0 


13.8 


15.0 


16.0 


None 


50 


13.0 


13.0 


12.8 


13.8 


14.6 


16.4 


18.0 




None 


100 


15.2 


16.0 


16.6 


17.4 


18.8 








None 


150 


18.4 


19.0 


19.2 












None 


205 


20.0 
















One 


10 


0.6 


0.4 


0.4 


0.4 


0.4 


0.4 


0.4 


0.6 


One 


25 


1.8 


1.2 


1.0 


1:0 


1.0 


1.2 


1.6 


1.8 


One 


50 


3.8 


3.0 


2.0 


2.0 


2.0 


3.0 


3.8 




One 


100 


' 4.8 


4.5 


4.2 


4.2 


5.0 








One 


150 


5.5 


4.8 


5.5 












One 


205 


5.8 
















Two 


10 


0.3 


0.2 


0.1 


* 


* 


0.1 


0.2 


0.3 


Two 


25 


0.5 


0.3 


0.2 


* 


0.1 


0.2 


0.3 


0.5 


Two 


50 


1.2 


0.6 


0.4 


0.2 


0.2 


0.3 


0.7 




Two 


100 


1.8 


1.4 


1.0 


2.0 


2.5 








Two 


150 


2.6 


2.0 


2.8 












Two 


205 


3.0 

















Less than 0.05°C. 



J GRADE — MAXIMUM ERRORS, °C 



NUMBER 

OF 

TRIMS 


TEMPERATURE 
SPAN— X 




LOWEST TEMPERATURE IN SPAN 


— °c 




-55 


-25 





+ 25 


+ 50 


+ 75 


+ 100 


+ 125 


None 


10 


4.2 


4.6 


5.0 


5.4 


5.8 


6.2 


6.6 


7.2 


None 


25 


5.0 


5.2 


5.5 


5.9 


6.0 


6.9 


7.5 


8.0 


None 


50 


6.5 


6.5 


6.4 


6.9 


7.3 


8.2 


9.0 




Ndne 


100 


7.7 


8.0 


8.3 


8.7 


9.4 








None 


150 


9.2 


9.5 


9.6 












None 


205 


10.0 
















One 


10 


0.3 


0.2 


0.2 


0.2 


0.2 


0.2 


0.2 


0.3 


One 


25 


0.9 


0.6 


0.5 


0.5 


0.5 


0.6 


0.8 


0.9 


One 


50 


1.9 


1.5 


1.0 


1.0 


1.0 


1.5 


1.9 




One 


100 


2.3 


2.2 


2.0 


2.0 


2.3 








One 


150 


2.5 


2.4 


2.5 












One 


205 


3.0 
















Two 


10 


0.1 


* 


* 


* 


* 


* 


• 


0.1 


Two 


25 


0.2 


0.1 


* 


* 


* 


* 


0.1 


0.2 


Two 


50 


0.4 


0.2 


0.1 


* 


* 


0.1 


0.2 


* 


Two 


100 


0.7 


0.5 


0.3 


0.7 


1.0 








Two 


150 


1.0 


0.7 


1.2 












Two 


205 


1.6 

















Less than ±0.05X. 
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AD590 

K GRADE — MAXIMUM ERRORS, X 



Less than ±0.05°C. 



L GRADE — MAXIMUM ERRORS, X 



Less than ±0.05*'C. 



M GRADE — MAXIMUM ERRORS, 'C 



> 
D 
(II 
<0 

o 



NUMBER 

OF 

TRIMS 


TEMPERATURE 
SPAN— X 




LOWEST TEMPERATURE IN SPAN 


— °c 




-55 


-25 





+ 25 


+ 50 


+ 75 


+ 100 


+ 125 


None 


10 


2.1 


2.3 


2.5 


2.7 


2.9 


3.1 


3.3 


3.6 


None 


25 


2.6 


2.7 


2.8 


3.0 


3.2 


3.5 


3.8 


4.2 


None 


50 


3.8 


3.5 


3.4 


3.6 


3.8 


4.3 


5.1 




None 


100 


4.2 


4.3 


4.4 


4.6 


5.1 








None 


150 


4.8 


4.8 


5.3 












None 


205 


5.5 
















One 


10 


0.2 


0.1 


0.1 


0.1 


0.1 


0.1 


0.1 


0.2 


One 


25 


0.6 


0.4 


0.3 


0.3 


0.3 


0.4 


0.5 


0.6 


One 


50 


1.2 


1.0 


0.7 


0.7 


0.7 


1.0 


1.2 




One 


100 


1.5 


1.4 


1.3 


1.3 


1.5 








One 


150 


1.7 


1.5 


1.7 












One 


205 


2.0 
















Two 


10 


0.1 


* 


* 


* 


* 


* 


* 


0.1 


Two 


25 


0.2 


0.1 


* 


* 


* 


* 


0.1 


0.2 


Two 


50 


0.3 


0.1 


* 


* 


* 


0.1 


0.2 




Two 


100 


0.5 


0.3 


0.2 


0.3 


0.7 








Two 


150 


0.6 


0.5 


0.7 












Two 


205 


0.8 

















NUMBER 

OF 

TRIMS 


TEMPERATURE 
SPAN— X 




LOWEST TEMPERATURE IN SPAN 


— X 




-55 


-25 





+ 25 


+ 50 


+ 75 


+ 100 


+ 125 


None 


10 


1.0 


1.0 


1.1 


1.1 


1.2 


1.3 


1.4 


1.6 


None 


25 


1.3 


1.3 


1.3 


1.4 


1.5 


1.6 


1.7 


1.9 


None 


50 


1.9 


1.8 


1.7 


1.8 


1.9 


2.1 


2.4 




None 


100 


2.4 


2.4 


2.4 


2.4 


2.7 








None 


150 


2.7 


2.6 


2.8 












None 


205 


3.0 
















One 


10 


0.2 


0.1 


0.1 


0.1 


0.1 


0.1 


0.1 


0.2 


One 


25 


0.5 


0.4 


0.3 


0.3 


0.3 


0.3 


0.4 


0.5 


One 


50 


1.0 


0.8 


0.6 


0.6 


0.6 


0.8 


1.0 




One 


100 


1.3 


1.2 


1.1 


1.1 


1.3 








One 


150 


1.4 


1.3 


1.4 












One 


205 


1.6 
















Two 


10 


0.1 


* 


* 


* 


* 


* 


* 


0.1 


Two 


25 


0.1 


* 


* 


* 


* 


* 


* 


0.1 


Two 


50 


0.2 


* 


, * 


* 


* 


* 


0.2 




Two 


100 


0.3 


0.2 


0.1 


0.2 


0.3 








Two 


150 


0.3 


0.2 


0.3 












Two 


205 


0.4 


















NUMBER 

OF 

TRIMS 


TEMPERATURE 
SPAN— X 


LOWEST TEMPERATURE IN SPAN— X 


-55 


-25 +25 +50 +75 +100 


+ 125 


None 


10 


0.6 


0.5 0.6 0.6 0.7 0.7 0.7 


0.9 


None 


25 


0.8 


0.8 0.7 0.7 0.8 0.8 1.0 


1.1 


None 


50 


1.0 


0.9 0.8 0.9 0.9 1.1 1.2 




None 


100 


1.3 


1.4 1.3 1.4 1.5 




None 


150 


1.5 


1.6 1.6 




None 


205 


1.7 
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ADSdO 

M GRADE — MAXIMUM ERRORS, X (CONT.) 



NUMBER 

OF 

TRSMS 


TEMPERATURE 
SPAN— X 




LOWEST TEMPERATURE IN SPAN 


— X 




-55 


-25 +25 +50 +75 


+ 100 


+ 125 


One 


10 


0.2 


0.1 0.1 0.1 0.1 0.1 


0.1 


0.2 


One 


25 


0.4 


0.3 0.2 0.2 0.2 0.2 


0.3 


0.4 


One 


50 


0.5 


0.4 0.3 0.3 0.3 0.4 


0.5 




One 


100 


0.8 


0.8 0.7 0.7 0.8 






One 


150 


0.9 


0.9 0.9 






One 


205 


1.0 








Two 


,10 


0.1 


* * * « ' * 


* 


0.1 


Two 


25 


0.1 


***** 


* 


0.1 


Two 


50 


0.2 


***** 


0.2 




Two 


100 


0.2 


0.1 * 0.1 0.2 






Two 


150 


0.3 


0.2 0.3 






Two 


205 


0.3 









Less than ±0.05°C. 



NOTES 



1. 



Maximum errors over all ranges are guaranteed 
based on the known behavior characteristic of the 
AD590. 

2. For one-trim accuracy specifications, the 205°C 
span is assumed to be trimmed at +25°C; for all 
other spans, it is assumed that the device is trimmed 
at the midpoint. 

3. For the 205*0 span, it is assumed that the two-trim 
temperatures are in the vicinity of 0**C and + 140°C; 
for all other spans, the specified trims are at the 
endpoints. 

4. In precision applications, the actual errors 
encountered are usually dependent upon sources of 
error which are often overlooked in error budgets. 
These typically include: 

a. Trim error in the calibration technique used 

b. Repeatability error 

c. Long-term drift errors 

Trim error is usually the largest error source. This error 
arises from such causes as poor thermal coupling between 
the device to be calibrated and the reference sensor;, 
reference sensor errors; lack of adequate time for the 
device being calibrated to settle to the final temperature; 
radically different thermal resistances between the case 
and the surroundings (R^ca) when trimming and when 
applying the device. 

Repeatability errors arise from a strain hysteresis of the 
package. The magnitude of this error is solely a function of 
the magnitude of the temperature span over which the 
device is used. For example, thermal shocks between 0°C 
and 100°C involve extremely low hysteresis and result in 
repeatability errors of less than ±0.05°C. When the thermal- 
shock excursion Is widened to v-55°C to +150°C, the 
device will typically exhibit a repeatability error of ±0.05°C 
(±0.10 guaranteed maximum). 

Long-term drift errors are related to the average operating 
temperature and the magnitude of the thermal shocks 
experienced by the device. Extended use of the AD590 at 
temperatures above 100°C typically results in long-term drift 
of ±0.03'*C per month; the guaranteed maximum is ±0.1 0°C 
per month. Continuous operation at temperatures below 
1 00°C induces no measurable drifts in the device. Besides 
the effects of operating temperature, the severity of thermal 
shocks incurred will also affect absolute stability. For 



thermal-shock excursions less than 100°C, the drift is 
difficult to measure ( < 0.03°C). However, for 200°C excur- 
sions, the device may drift by as much as ±0.1 0°C after 
twenty such shocks. If severe, quick shocks are necessary 
in the application of the device, realistic simulated life tests 
are recommended for a thorough evaluation of the error 
introduced by such shocks. 

TYPICAL APPLICATIONS 
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218«K 2»8.2«K 423*K 
{-55«C)( + 25«C)(+150«C) 

TEMPERATURE 



Figure 8: Simple connection. Output is 
proportional to absolute temperature. 
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AD590 

TYPICAL APPLICATIONS (CONT.^ 




AO590 DESIRED) 



Figure 9: Lowest-temperature sensing 

scheme. Available current is that of the 

"coldest" sensor. 




VouT(«»a)- (R) 5 1 



R 

333.30 

0.1% 

(FOR 3 SENSORS) 



DS01710I 

Figure 10: Average-temperature sensing 
scheme. The sum of the AD590 
currents appears across R, which 
is chosen by the formula: 

lOk^ 

R = 

n 

n being the number of sensors. 
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Figure 11: Single-setpoint temperature controller. The AD590 produces a temperature-dependent 
voltage across R (C is for filtering noise). Setting R2 produces a scale-zero voltage. For the Celsius 
scale, make R = 1k^ and Vzero = 0.273 volts. For Fahrenheit, R = 1.8k^ and Vzero = 0.460 volts. 
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Figure 12: Multiplexing sensors 
line will limit the current (show 
one of 64 sensors. 


AO590f64) 

iok4 voor 
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BD00590I 

. If shorted sensors are possible, a series resistor in series with the D 
rn as R, above: only one is needed). A six-bit digital word will select 
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Figure 13: Centigrade thermometer (O^'C-IOO^C) . the ultra-low bias current of the ICL7611 allows 
the use of large-value gain-resistors, keeping meter-current error under 1/2%, and therefore saving 
the expense of an extra meter-driving amplifier. 
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Note: All typical values have been guaranteed by characterization and are not tested. 
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VbuT = (T2-Ti)(10mV/»C) 



Figure 14: Differential thermometer. The 50k^ pot trims offsets in the devices whether internal or 
external, so it can be used to set the size of the difference interval. This also makes it useful for 
liquid-level detection (where there will be a measurable temperature difference). 



1,.A/*K I 



I SEEBECK 
iCOEFFICIENT = 40/<V/*K 



1 I 



TC = Vl =: 

40/«V/«K 10.98mV 




V2 = 10.98 40.212 ^ ^^^^ 



4.7^F 



Figure 15: Cold-junction compensation for type K thermocouple. The reference junction(s) should 
be in close thermal contact with the AD590 case. V** must be at least 4V, while ICL8069 current 
should be set at 1mA - 2mA. Calibration does not require shorting or removal of the thermocouple: 
set Ri for V2 = 1 0.98m V. If very precise measurements are needed, adjust R2 to the exact Seebeck 
coefficient for the thermocouple used (measured or from table) note Vi, and set Ri to buck out this 
voltage (i.e., set V2 = Vi). For other thermocouple types, adjust values to the appropriate Seebeck 
coefficient. 



500mA 



QAD590M iizxxrx:.^ 




Figure 16: Simplest thermometer. Meter displays current output directly in degrees Kelvin. Using the 
AD590M, sensor output is within ±1.7 degrees over the entire range, and less than ±1 degree over 
the greater part of it. 
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§ AD590 

ID 



v+ 
Q 



H 



RajE^ 

n^y^- — IN 



■^ 





R 


Ri 


R2 


R3 


R4 


Rs 


T 


9.00 


4.02 


2.0 


12.4 


10.0 





«c 


5.00 


4.02 


2.0 


5.11 


5.0 


11.8 



HI 
REFLO 



COMMON 
INLO 




Z Rn = 28k^ nominal 
n = 1 
All values in k^ 

The ICL7106 has a V|n span of ±2.0V, and a Vqm rang© oi (V^ 
-0.5) Volts to (V" +1) Volts; R is scaled to bring each range 
within VcM while not exceeding V|n. Vref for both scales is 
500mV. Maximum reading on the Celsius range is 1 99.9X, limited 
by the (short-term) maximum allowable sensor temperature. 
Maximum reading on the Fahrenheit range is 199.9°F (93.3°C), 
limited by the number of display digits. See note next page. 



6 
V- 



Figure 17: Basic digital thermometer, Celsius and Fahrenheit scales 




Figure 18: Basic digital thermometer, Kelvin scale. The Kelvin scale version reads from to ISSS^'K 
theoretically, and from 223''K to 473''K actually. The 2.26kl2 resistor brings the input within the 
iCL7106 VcM range: 2 general-purpose silicon diodes or an LED may be substituted. 
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Figure 19: Basic digital thermometer, Kelvin scale with zero adjust. This circuit allows "zero 
adjustment" as well as slope adjustment. The ICL8069 brings the input within the common-mode 
range, while the 5k^ pots trim any offset at 218°K (-SS^'C), and set the scale factor. 



Note on Figure 17, Figure 18 and Figure 19: Since all 3 
scales have narrow V|n spans, some optimization of 
ICL7106 components can be made to lower noise and 
preserve CMR. The table below shows the suggested 
values. Similar scaling can be used with the ICL71 26/36. 



For all: 



SCALE 


V|N RANGE (V) 


RlNT(k^) 


Caz(mF) 


K 
C 

F 


0.223 to 0.473 

-0.25 to +1.0 

-0.29 to +0.996 


220 
220 
220 


0.47 
0.1 
0.1 


Cref 

C|NT = 


= 0.1mF 
= 0.22mF 


Cosc = 100pF 
RoSC = 100kl^ 
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CMOS Voltage Converter 




GENERAL DESCRIPTION 

The Intersil ICL7660 is a monolithic CMOS power supply 
circuil which offers unique performance advantages over 
previously available devices. The ICL7660 performs supply 
voltage conversion from positive to negative for an input 
range of +1.5V to + 10.0V, resulting in complementary 
output voltages of -1.5V to -10.0V. Only 2 non-critical 
external capacitors are needed for the charge pump and 
charge reservoir functions. The ICL7660 can also be 
connected to function as a voltage dbubler and will gener- 
ate output voltages up to + 18.6V with a + 10V input. Note 
that an additional diode is required for VsuPPLY > 6.5V. 

Contained on chip are a series DC power supply regula- 
tor, RC oscillator, voltage level translator, and four output 
power MOS switches. A unique logic element senses the 
most negative voltage in the device and ensures that the 
output N-channel switch source-substrate junctions are not 
forward biased. This assures latchup free operation. 

The oscillator, when unloaded, oscillates at a nominal 
frequency Of 1 0kHz for an input supply voltage of 5.0 volts. 
This frequency can be lowered by the addition of an 
external capacitor to the "OSC" terminal, or the oscillator 
may be overdriven by an external clock. 

The "LV" terminal may be tied to GROUND to bypass 
the internal series regulator and improve low voltage (LV) 
operation. At medium to high voltages ( + 3.5 to +10.0 
volts), the LV pin is left floating to prevent device latchup. 



FEATURES 

• Simple Conversion of +5V Logic Supply to ±5V 
Supplies 

• Simple Voltage Multiplication (VouT = (-) nV|N) 

• 99.9% Typical Open Circuit Voltage Conversion 
Efficiency 

• 98% Typical Power Efficiency 

• Wide Operating Voltage Range 1.5V to 10.0V 

• Easy to Use ~ Requires Only 2 External 
Non-Critical Passive Components 

APPLICATIONS 

• On Board Negative Supply for Dynamic RAMs 

• Localized /z-Processor (8080 Type) Negative 
Supplies 

• Inexpensive Negative Supplies 

• Data Acquisition Systems 

ORDERING INFORMATION 



PART NUMBER 


TEMP. RANGE 


PACKAGE 


ICL7660CTV 


0° to +70°C 


TO-99 . 


ICL7660CBA 


O^C to +70*'C 


8 PIN SOIC 


ICL7660CPA 


0° to +70°C 


8 PIN MINI DIP 


ICL7660MTV* 


-SS'' to +125*'C 


TO-99 


ICL7660/D , 


- 


DICE** 



*Add /883B to part number if 883B processing is required 

** Parameter mm/max limits guaranteed at 25°C only for DICE orders. 



NCl |l 






7| lose 

6| |LV 
5| IVOUT 


NC^Tj 
CAP+(?) 
GROUND (T^ 


V+(and CASE) 


CAP+I |2 


^^^(j)osc 




VIEW \rj 


GROUNDl |3 




CAP-I U 


,^/'->^J2) ^°^^ 




CAP- 



NC[T 
CAP+[2 

groundU 

CAP-[T 



ICL7660 



j]v+ 

7]osc 

1]lv 

HVOUT 



(Outline Dwg BA) 
8 LEAD MiniDIP 



(Outline Dwg TV) 
8 LEAD TO-99 



(Outline Dwg PA) 



Figure 1: Pin Configurations 
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302063-003 



ICL7660 



ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 10.5V 

LV and OSQ Input Voltage 

(Note 1) -0.3V to (V± +0.3V) for V*" < 5.5V 

(V*" -5.5V) to (V+ +0.3V) for V^ > 5.5V 

Current into LV (Note 1) 20mA for V+ > 3.5V 

Output Short Duration (VsuPPLY - 5.5V) .Continuous 

Power Dissipation (Note 2) 

ICL7660CTV 5dOmW 

ICL7660CPA 300mW 

ICL7660MTV 500mW 



SI 

s 



Operating Temperature Range , 

ICL7660M -55°C to +125°C 

ICL7660C OX to +70X 

Storage Temperature Range - 65°C to + 1 50°C 

Lead Temperature 

(Soldering, 10sec) 300°C 



stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device These are stress ratings only, and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied Exposure to 
absolute maximum rating conditions for extended penods may affect device reliability. 



OSCILLATOR 



6 
OSC 



6 
LV 



VOLTAGE 

LEVEL 

TRANSLATOR 



-OCAP + 



It 



VOLTAGE 
REGULATOR 



-O VOUT 



LOGIC 
NETWORK 



Figure 2: Functional Diagram 



OPERATING CHARACTERISTICS 

V "^ = 5V, Ta = 25**C, Cose = 0. Test Circuit Figure 3 (unless otherwise specified) 



SYMBOL 


PARAIMETER 


TEST CONDITIONS 


LIMITS 


UNIT 


MIN 


TYP 


MAX 


1-^ 


Supply Current 


RL= oo 




170 


500 


^xA 


V|tl 


Supply Voltage Range - Hi 
(Dx out of circuit) (Note 3) 


OX < Ta < 70X, Rl = 10ka LV Open 


3.0 




6.5 


V 


-55X < Ta < 125X, Rl = 10k^, LV Open 


3.0 




5.0 


V 


Vl^1 


Supply Voltage Range - Lo 
(Dx out of circuit) 


MIN < Ta < MAX, Rl = 10kn, LV to GROUND 


1.5 




3.5 


V 


V|t2 


Supply Voltage Range - Hi 
(Dx in circuit) 


MIN < Ta < MAX, Rl = 10ka LV Open 


3.0 




10.0 


V 


Vl^2 


Supply Voltage Range - Lo 
(Dx in circuit) 


MIN < Ta < MAX, Rl = 10ka LV to GROUND 


1.5 




3.5 


V 
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OPERATING CHARACTERISTICS (CONT.) 


, , > 








SYMBOL 


PARAMETER 


TEST CONDITIONS 


LIMITS 


UNIT 


MIN 


TYP 


MAX 


Rout 


Output Source Resistance 


loUT = 20mA, Ta = 25'*C 




55 


100 


a 


lOUT = 20mA, O^'C < Ta < + 70X 






120 


a 


IOUT = 20mA, -55*'C<Ta< +125X (Note 3) 






150 


a 


V^ =2V, louT = 3mA, LV to GROUND 
0*'C<Ta< +70**C 






300 


a 


V+ =2V, louT = 3mA, LV to GROUND, 
-55°C< Ta< +125*'C. Dx in circuit (Note 3) 






400 


n 


fosc 


Oscillator Frequency 






10 




kHz 


PEf 


Power Efficiency 


Rl = 5ka 


96 


98 




% 


VOUT Ef 


Voltage Conversion Efficiency 


R|_=soo 


97 


99.9 




% . 


Zosc 


Oscillator impedance 


V"^ =2 Volts 




1.0 




M^ 


V = 5 Volts 




100 




kn 



Notes: 1. Connecting any input terminal to voltages greater than V+ or less than GROUND may cause destructive latchup. 
It is recommended that no inputs from sources operating from externa! supplies be applied prior to "power up" of 
the ICL7660. 

2. Derate linearly above 50X by 5.5mW/X. 

3. ICL7660M only. 

TYPICAL PERFORMANCE CHARACTERISTICS (Circuit of Figure 3) 



OPERATING VOLTAGE AS A 
FUNCTION OF TEMPERATURE 




1-25 -1-50 -r75 -r-SO0 1-125 
TEMPERATURE (°C) 

OP00101I 
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AS A FUNCTION OF OSC. 

FREQUENCY 



OUTPUT SOURCE RESISTANCE AS 
A FUNCTION OF SUPPLY VOLTAGE 
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OUTPUT SOURCE RESISTANCE AS A 
FUNCTION OF TEMPERATURE 
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ICL7660 

TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 



OUTPUT VOLTAGE AS A 
FUNCTION OF OUTPUT CURRENT 



SUPPLY CURRENT & POWER 
CONVERSION EFFICIENCY AS A 
FUNCTION OF LOAD CURRENT 



OUTPUT VOLTAGE AS A FUNCTION 
OF OUTPUT CURRENT 
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NOTE 4. These curves include in the supply current that 
current fed directly into the load RLfrom V+ (see Figure 3). 
Thus, approximately half the supply current goes directly to 
the positive side of the load, and the other half, through the 
ICL7660, to the negative side of the load. Ideally, Vqut — 
2 V|N, Is - 2 lb so Vifsj • Is = VouT ' ^L• 



1.5 3.0 4J 6.0 7.5 9.0 
LOAD CURRENT II (mA) 

OP00090I 



E 



\1 



3- 
3- 



Is v+ 
-eo(+5V) 



Dx -. 






TC00030I 

NOTES: 

1. For large values of Cose { > lOOOpF) the values of Ci and C2 
should be Increased to lOOjuF. 

2. Dx )s required for supply voltages greater than 6.5V @ 
-55°C S Ta ^ H-TCC; refer to performance curves for additional 
information. 

Figure 3: ICL7660 Test Circuit 



DETAILED DESCRIPTION 

The ICL7660 contains all the necessary circuitry to 
complete a negative voltage converter, with the exception 
of 2 external capacitors which may be inexpensive 10juF 
polarized electrolytic types. The mode of operation of the 
device may be best understood by considering Figure 4, 



which shows an idealized negative voltage converter. 
Capacitor Ci is charged to a voltage, V"*" , for the half cycle 
when switches S-| and S3 are closed. (Note: Switches S2 
and S4 are open during this half cycle.) During the second 
half cycle of operation, switches S2 and S4 are closed, with 
Si and S3 open, thereby shifting capacitor Ci negatively by 
V"*" volts. Charge is then transferred from Ci to C2 such 
that the voltage on C2 is exactly V"*", assuming ideal 
switches and no load on C2. The ICL7660 approaches this 
ideal situation more closely than existing non-mechanical 
circuits. 

In the ICL7660, the 4 switches of Figure 4 are MOS 
power switches; Si is a P-channel device and S2, S3 & S4 
are N-channel devices. The main difficulty with this ap- 
proach is that in integrating the switches, the substrates of 
S3 & S4 must always remain reverse biased with respect to 
their sources, but not so much as to degrade their "ON" 
resistances. In addition, at circuit startup, and under output 
short circuit conditions (VouT = V^), the output voltage 
must be sensed and the substrate bias adjusted according- 
ly. Failure to accomplish this would result in high power 
losses and probable device latchup. 

This problem is eliminated in the ICL7660 by a logic 
network which senses the output voltage (Vqut) together 
with the level translators, and swrtches the substrates of S3 
& S4 to the correct level to maintain necessary reverse bias. 

The voltage regulator portion of the ICL7660 is an 
integral part of the anti-latchup circuitry, however its inher- 
ent voltage drop can degrade operation at low voltages. 
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ICL7660 

Therefore, to improve low voltage operation the "LV" pin 
should be connected to GROUND, disabling the regulator. 
For supply voltages greater than 3.5 volts the LV terminal 
must be left open to insure latchup proof operation, and 
prevent device damage. 



V|nC^ 




JinrL^H>^ 



Figure 4: Idealized Negative Voltage 
Converter 



THEORETICAL POWER EFFICIENCY 
CONSIDERATIONS 

In theory a voltage converter can approach 100% 
efficiency if certain conditions are met: 
A The drive circuitry consumes minimal power. 
B The output switches have extremely low ON 

resistance and virtually no offset. 
C The impedances of the pump and reservoir 

capacitors are negligible at the pump frequency. 
The ICL7660 approaches these conditions for negative 
voltage conversion if large values of Ci and Ca are used. 



ENERGY IS LOST ONLY IN THE TRANSFER Qf 
CHARGE BETWEEN CAPACITORS IF A CHANGE IN 
VOLTAGE OCCURS. The energy lost is defined by: 

E = 1/2 Ci (Vi2~V2^) 

where Vi and V2 are the voltages on C-| during the pump 
and transfer cycles. If the Impedances of Ci and C2 are 
relatively high at the pump frequency (refer to Figure 4) 
compared to the value of Rl, there will be a substantial 
difference in the voltages V-j and V2. Therefore it is not only 
desirable to make C2 as large as possible to eliminate 
output voltage ripple, but also to employ a correspondingly 
large value for Ci in order to achieve maximum efficiency of 
operation. 

DO'S AND DON'TS 

1. Do not exceed maximum supply voltages. 

2. Do not connect LV terminal to GROUND for supply 
voltages greater than 3.5 volts. 

3. Do not short circuit the output to V"*" supply for 
supply voltages above 5.5 volts for extended 
periods, however, transient conditions including 
startup are okay. 

4. When using polarized capacitors, the + terminal of 
Ci must be connected to pin 2 of the ICL7660 and 
the + terminal of C2 must be connected to 
GROUND. 

5. Add diode Dx as shown in Figure 3 for high-voltage, 
elevated temperature applications. 

6. Add capacitor (~ 0.1 /uF, disc) from pin 8 to ground to 
limit rate of rise of input voltage to approximately 
2V/MS. 



iomf: 




NOTE: 1. VouT = -V"^FOR 
1.5V < V+ < 6.5V 
2. VouT = -(V+-VFDX) 
FOR 6.5 < V+ < 10.0V 

O VoUT* 



Figure 5: Simple Negative Converter 




Figure 6: Paralleling Devices 
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6.5V < V+ < 10.0V 



OVOUT* 
IOmF 



Figure 7: Cascading Devices for Increased Output Voltage 



CONSIDERATIONS FOR HIGH VOLTAGE 
& ELEVATED TEMPERATURE 

The ICL7660 will operate efficiently over its specified 
temperature range with only 2 external passive components 
(storage & pump capacitors), provided the operating supply 
voltage does not exceed 6.5 volts at + 70°C and 5.0 volts at 
+ 125°C. Exceeding these maximums at the temperatures 
indicated may result in destructive latchup of the ICL7660. 
(Ref: Graph "Operating Voltage Vs. Temperature") 

Operation at supply voltages of up to 1 0.0 volts over the 
full temperature range without danger of latchup can be 
achieved by adding a general purpose diode in series with 
the ICL7660 output, as shown by "Dx" in the circuit 
diagrams. The effect of this diode on overall circuit perfor- 
mance is the reduction of output voltage by one diode drop 
(approximately 0.6 volts). 

TYPICAL APPLICATIONS 

Simple Negative Voltage Converter 

The majority of applications yvill undoubtedly utilize the 
ICL7660 for generation of negative supply voltages. Figure 
5 shows typical connections to provide a negative supply 
where a positive supply of +1.5V to +10.0 volts is 
available. Keep in mind that pin 6 (LV) is tied to the supply 
negative (GND) for supply voltages below 3.5 volts, and that 
diode Dx must be included for proper operation at higher 
voltages and/or elevated temperatures. 

The output characteristics of the circuit in Figure 5 are 
those of a nearly ideal voltage source in series with 55 
ohms. Thus for a load current of -10mA and a supply 
voltage of +5 volts, the output voltage will be -4.3 volts. 
The dynamic output impedance due to the capacitor 
impedances is approximately 1/cX, where: 



C == C-| =02 



Paralleling Devices 

Any number of ICL7660 voltage converters may be 
paralleled to reduce output resistance. The reservoir capac- 
itor, 02, serves all devices while each device requires its 
own purrip capacitor, Oi. The resultant output resistance 
would be approximately: 



R0UT = 



RoUT (of ICL7660) 
n (number of devices) 



Cascading Devices 

The IOL7660 may be cascaded as shown to produce 
larger negative multiplication of the initial supply voltage. 
However, due to the finite efficiency of each device, the 
practical limit is 10 devices for light loads. The output 
voltage is defined by: 

VouT=-n (V|n), 

where n is an integer representing the number of devices 
cascaded. The resulting output resistance would be approx- 
imately the weighted sum of the individual ICL7660 Rqut 
values. 

Changing the ICL7660 Oscillator Frequency 

It may be desirable in some applications, du^ to noise or 
other considerations, to increase the oscillator frequency. 
This is achieved by overdriving the oscillator from an 
external clock, as shown in Figure 8. In order to prevent 
possible device latchup, a Ikfi resistor must be used in 
series with the clock output. In a situation where the 
designer has generated the external clock frequency using 
TTL logic, the addition of a lOkH pullup resistor to V 
supply is required. Note that the pump frequency with 
external clocking, as with internal clocking, will be 1 /2 of the 
clock frequency. Output transitions occur on the positive- 
going edge of the clock. 



which gives 



1 



CajC 27T fpuMPX 10~ 



= 3 ohms 



for = 10juF and fpuMP - 5kHz (1/2 of oscillator frequen- 
cy) 
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ICL7660 




Figure 8: External Clocking 



It is also possible to increase the conversion efficiency of 
the ICL7660 at low load levels by lowering the oscillator 
frequency. This reduces the switching losses, and is shown 
in Figure 9. However, lowering the oscillator frequency will 
cause an undesirable Increase in the impedance of the 
pump (C-j) and reservoir (C2) capacitors; this is overcome 
by increasing the values of Ci and C2 by the same factor 
that the frequency has been reduced. For example, the 
addition of a 1 0OpF capacitor between pin 7 (Osc) and V "'' 
will lower the oscillator frequency to 1 kHz from its nominal 
frequency of 10kHz (a multiple of 10), and thereby necessi- 
tate a corresponding increase in the value of Ci and C2 
(from lOjuF to lOO/uF). 




Figure 9: Lowering Oscillator Frequency 
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Figure 10: Positive Voltage Doubler 



Positive Voltage Doubling 

The ICL7660 may be employed to achieve positive 
voltage doubling using the circuit shown in Figure 10. In this 
application, the pump inverter switches of the ICL7660 are 
used to charge Ci to a voltage level of V ■*" - Vp (where V "*" 
is the supply voltage and Vp is the fon/vard voltage drop of 
diode Di). On the transfer cycle, the voltage on Ci plus the 
supply voltage (V"*") is applied through diode D2 to capaci- 
tor C2. The voltage thus created on C2 becomes 
(2V "•■ ) - (2Vf) or twice the supply voltage minus the com- 
bined forward voltage drops of diodes Di and D2. 

The source impedance of the output (Vqut) will depend 
on the output current, but for V "*■ =5 volts and an output 
current of 10mA it will be approximately 60 ohms. 

Combined Negative Voltage Conversion 
and Positive Supply Doubling 

Figure 1 1 combines the functions shown in Figures 5 and 
10 to provide negative voltage conversion and positive 
voltage doubling simultaneously; This approach would be, 
for Example, suitable for generating +9 volts and -5 volts 
from an existing + 5 volt supply. In this Instance capacitors 
C-j and C3 perform the pump and reservoir functions 
respectively for the generation of the negative voltage, 
while capacitors C2 and C4 are pump and reservoir 
respectively for the doubled positive voltage. There is a 
penalty in this configuration which combines both functions, 
however, in that the source impedances of the generated 
supplies will be somewhat higher due to the finite imped- 
ance of the cpmmon charge pump driver at pin 2 of the 
device. 




y_D^ 



VOUT = -(nVlN-VFDX) 



1 



02 



VOUT - (2V+)- 

— O (Vfdi)-(Vfd2) 



Figure 11: Combined Negative Voltage 
Converter and Positive Doubler 



Voltage Splitting 

The bidirectional characteristics can also be used to split 
a higher supply in half, as shown in Figure 12. The 
combined load will be evenly shared between the two sides, 
and a high value resistor to the LV pin ensures start-up. 
Because the switches share the load in pa.rallel, the output 
impedance is much lower than in the standard circuits, and 
higher currents can be drawn from the device. By using this 
circuit, and then the circuit of Figure 7, +15V can be 
converted (via +7.5, and -7.5) to a nominal -15V, 
although with rather high series output resistance (^50S7). 
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Figure 12: Splitting A Supply in Half 



Regulated Negative Voltage Supply 

In some cases, the output impedance of the ICL7660 can 
be a problem, particularly if the load current varies substan- 
tially. The circuit of Figure 13 can be used to overcome this 
by controlling the input voltage, via an ICL761 1 low-power 
CMOS op amp, in such a way as to maintain a nearly 
constant output voltage. Direct feedback is inadvisable, 
since the ICL7660's output does not respond instanta- 
neously to change in input, but only after the switching 
delay. The circuit shown supplies enough delay to accom- 
modate the 7660, while maintaining adequate feedback. An 
Increase in pump and storage capacitors is desirable, and 
the values shown provides an output impedance of less 
than 5^ to a load of 10mA. 
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Figure 14: RS232 Levels From A Single 
5V Supply 
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OTHER APPLICATIONS 

Further information on the operation and use of the 
ICL7660 may be found in A051 "Principals and Applications 
of the ICL7660 CMOS Voltage Converter" by Peter Brad- 
shaw and Dave Bingham. 




I — ^AAr— I 

lOon -ir =r 



[I 
-{I 



lOO/xFSS J — [T 






800k 



250k 



VOLTAGE ^IOOmF 
ADJUST 



Figure 13: Regulating the Output Voltage 
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ICL7662 



!^ CMOS Voltage Converter 




GENERAL DESCRIPTION 

The Intersil ICL7662 is a monolithic high-voltage CMOS 
power supply circuit which offers unique performance 
advantages over previously available devices. The ICL7662 
performs supply voltage conversion from positive to nega- 
tive for an input range of +4.5V to + 20.0V, resulting in 
complementary output voltages of -4.5V to -20V. Only 2 
non-critical external capacitors are needed for the charge 
pump and charge reservoir functions. The ICL7662 can also 
function as a voltage doubler, and will generate output 
voltages up to + 38.6V with a +20V input. 

Contained on chip are a series DC power supply regula- 
tor, RC oscillator, voltage level translator, four output power 
MOS switches. A unique logic element senses the most 
negative voltage in the device and ensures that the output 
N-channei switch source-substrate junctions are not for- 
ward biased. This assures latchup free operation. 

The oscillator, when unloaded, oscillates at a nominal 
frequency of 1 0kHz for an input supply voltage of 1 5.0 volts. 
This frequency can be lowered by the addition of an 
external capacitor to the "OSC" terminal, or the oscillator 
may be overdriven by an external clock. 

The "LV" terminal may be tied to GROUND to bypass 
the internal series regulator and improve low voltage (LV) 
operation. At medium to high voltages ( + 10 to +20V), the 
LV pin is left floating to prevent device latchup. 

ORDERING INFORMATION 



PART NUMBER 


TEMPERATURE 
RANGE 


PACKAGE 


ICL7662CTV 


0°C to +70°C 


TO-99 


ICL7662CPA 


OX to +70**C 


8 PIN MINI DIP 


ICL7662MTV 


-SS^'C to 
+ 125*'C 


TO-99 


ICL7662/D 


— 


DICE** 



* Parameter Mm/ Max Limits guaranteed at 25°C only for DICE orders. 



FEATURES 

• No External Diode Needed Over Entire 
Temperature Range 

• Pin Compatible With ICL7660 

• Simple Conversion of HhlSV Supply to -15V 
Supply 

• Simple Voltage Multiplication (Vqut = (~) "Vin) 

• 99.9% Typical Open Circuit Voltage Conversion 
Efficiency 

• 96% Typical Power Efficiency 

• Wide Operating Voltage Range 4.5V to 20.0V 

• Easy to Use — Requires Only 2 External Non- 
Critical Passive Components 

APPLICATIONS 

• On Board Negative Supply for Dynamic RAMs 

• Localized M-Processor (8080 Type) Negative 
Supplies 

• Inexpensive Negative Supplies 

• Data Acquisition Systems 

• Up to -20V for Op Amps 
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Figure 1: Pin 
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Figure 2: Functional Diagram 
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302064-003 



ICL7662 



ABSOLUTE MAXIMUM RATINGS 

Supply Voltage.... 22V 

Oscillator Input Voltage (Note 1) 

"0.3V to (V"*" +0.3V) for V*" < 10V 
(V"^ - 10V) to (V"*" + 0.3V) for V"^ > 10V 

Current into LV (Note 1) 20mA for V"^ > 10V 

Output Short Duration Continuous 

Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings only, and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 



Power Dissipation (Note 2) 

ICL7662CTY 500mW 

ICL7662CPA 300mW 

ICL7662MTY 500mW 

Lead Temperature (Soldering, lOsec) 300°C 



ELECTRICAL CHARACTERISTICS v+ 

Figure 3. 



1 5V, Ta = 25°C, Cose = 0. unless othenvise stated. Test Circuit 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


LIMITS 


UNIT 


MIN 


TYP 


MAX 


V + L 
V"^H 


Supply Voltage Range-Lo 
Supply Voltage Range-Hi 


Rl = 1 0kH. LV = GND Min < Ta < Max 
Rl = 1 0ka, LV = Open Min < Ta < Max 


4.5 
9 




11 
20 


V 
V 


1-^ 


Supply Current 


Rl = °°. ' LV =^ Open Ta = 25°C 

0°C<Ta< +70'C 
-55°C<Ta< +125°C 




.25 
.30 
.40 


.60 
.85 
1.0 


mA 


Ro 


Output Source Resistance 


lo = 20mA, LV = Open Ta = 25°C 

0°C<Ta< +70''C 
-55''C<Ta< +125''C 




60 
70 
90 


100 
120 
150 


a 


1^5 


Supply Current 


V"^=5V, Ta = 25°C 

Rl = ~ LV = GND O^'C < Ta < + 70°C 

-55°C<Ta< +125''C 




20 
25 
30 


150 
200 
250 


ma 


Ro5 


Output Source Resistance 


V^=5V. Ta = 25'*C 

lo = 3mA, LV = GND 0°C < Ta < + 70''C 

-55''C<Ta< +125°C 




125 
150 
200 


200 
250 
350 


a 


Fosc 


Oscillator Frequency 






10 




kHz 


Peff 


Power Efficiency 


Rl = 2Kn Ta = 25°C 

Mm < Ta < Max 


93 
90 


96 
95 




% 


VoEf 


Voltage Conversion Effic. 


Rl = °° Min < Ta < Max 


97 


99.9 




% 


lose 


Oscillator Sink or Source 
Current 


V+ =5V (Vosc = OV to +5V) 
V+ = 15V (Vosc= +5V to +15V) 




0.5 
4.0 




mA 



NOTES: 1. Connecting any terminal to voltages greater than V"*" or less than ground may cause destructive latchup. It is recommended that no 
inputs from sources operating from external supplies be applied pnor to "power up" of the ICL7662. 

2. Derate linearly above 50°C by 5.5mW/°C. ^ 

3. Pin 1 IS a Test pin and is not connected in normal use. 



0> 
10 
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S ICL7662 

5 TYPICAL PERFORMANCE CHARACTERISTICS (See Test Circuit of Figure 3) 



OUTPUT SOURCE RESISTANCE AS 
A FUNCTION OF SUPPLY VOLTAGE 



OUTPUT SOURCE RESISTANCE AS 
A FUNCTION OF SUPPLY VOLTAGE 



OUTPUT SOURCE RESISTANCE AS A 
FUNCTION OF TEMPERATURE 
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POWER CONVERSION EFFICIENCY 

AND OUTPUT SOURCE 

RESISTANCE AS A FUNCTION OF 

OSCILLATOR FREQUENCY OSC. 

FREQUENCY 



POWER CONVERSION EFFICIENCY 

AND OUTPUT SOURCE 

RESISTANCE AS A FUNCTION OF 

OSC. FREQUENCY 



FREQUENCY OF OSCILLATION AS A 

FUNCTION OF EXTERNAL OSC. 

CAPACITANCE 
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UNLOADED OSCILLATOR 

FREQUENCY AS A FUNCTION OF 

TEMPERATURE 



OUTPUT VOLTAGE AS A 
FUNCTION OF LOAD CURRENT 



OUTPUT VOLTAGE AS A 
FUNCTION OF LOAD CURRENT 
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ICL7662 

TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 



SUPPLY CURRENT & POWER 
CONVERSION EFFICIENCY AS A 
FUNCTION OF LOAD CURRENT 



SUPPLY CURRENT & POWER 
CONVERSION EFFICIENCY AS A 
FUNCTION OF LOAD CURRENT 



FREQUENCY OF OSCILLATION AS A 
FUNCTION OF SUPPLY VOLTAGE 
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NOTE 4. 

Note that these curves include in the supply current that current fed 
directly into the load Rl from V^ (see Figure 3). Thus, approximately half 
the supply current goes directly to the positive side of the load, and the 
other half, through the ICL7662, to the negative side of the load. Ideally, 
Vload ^ 2V|N, Is c=r 2 II, SO V|n • Is ~ Vload • Il 

CIRCUIT DESCRIPTION 

The ICL7662 contains all the necessary circuitry to 
complete a negative voltage converter, with the exception 
of 2 external capacitors which may be inexpensive IOjliF 
polarized electrolytic capacitors. The mode of operation of 
the device may be best understood by considering Figure 4, 
which shows an idealized negative voltage converter. 
Capacitor Ci is charged to a voltage, V"*" , for the half cycle 
when switches S-j and S3 are closed. (Note: Switches S2 
and S4 are open during this half cycle.) During the second 
half cycle of operation, switches S2 and S4 are closed, with 
Si and S3 open, thereby shifting capacitor Ci negatively by 
V*" volts. Charge is then transferred from 61 to C2 such 
that the voltage on Cp is exactly V"*", assuming ideal 
switches and no load on C2. The ICL7662 approaches this 
ideal situation more closely than existing non-mechanical 
circuits. 



LOAD CURRENT !L<mA) 




Is Vf 



VouT 



+T-10^F 



NOTE: 1. For large value of bosc ( > lOOOpf) the values of Ci and 
C2 should be increased to 100/liF 

Figure 3: ICL7662 Test Circuit 



In the ICL7662, the 4 switches of Figure 4 are MOS 
power switches; Si is a P-channel device and S2, S3 & S4 
are N-channel devices. The main difficulty with this ap- 
proach Is that in integrating the switches, the substrates of 
S3 & S4 must always remain reverse biased with respect to 
their sources, but not so much as to degrade their "ON" 
resistances. In addition, at circuit startup, and under output 
short circuit conditions (Vqut^V''"), the output voltage 
must be sensed and the substrate bias adjusted according- 
ly. Failure to accomplish this yvould result in high power 
losses and probable device latchup. . 

This problem is eliminated in the ICL7662 by a logic 
network which senses the output voltage (Vqut) together 
with the level translators, and switches the substrates of S3 
& S4 to the correct level to maintain necessary reverse bias. 

The voltage regulator portion of the ICL7662 is an 
integral part of the anti-latchup circuitry, however its inher- 
ent voltage drop can degrade operation at low voltages. 
Therefore, to improve low voltage operation the "LV" pin 
should be connected to GROUND, disabling the regulator. 
For supply voltages greater than 11 volts the LV terminal 
must be left open to insure latchup proof operation, and 
prevent device damage. 
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Figure 4: Idealized Negative Converter 



THEORETICAL POWER EFFICIENCY 
CONSIDERATIONS 

In theory a voltage multiplier can approach 100% effi- 
ciency if certain conditions are met: 

A The drive circuitry consumes rpinimal power 

B The output switches have extremely low ON 
resistance and virtually no offset. 

C The impedances of the pump and reservoir 
capacitors are negligible at the pump frequency. 

The ICL7662 approaches these concJitions for negative 
voltage multiplication if large values of Ci and C2 are used. 
ENERGY IS LOST ONLY IN THE TRANSFER OF 
CHARGE BETWEEN CAPACITORS IF A CHANGE IN 
VOLTAGE OCCURS. The energy lost is defined by: 

E = 1/2 Ci (Vi^-Va^) 

where Vi and V2 are the voltages on Ci during the pump 
and transfer cycles. If the impedances of Ci and C2 are 
relatively high at the pijmp frequency (refer to Figure 4) 
compared to the value of Rl, there will be a substantial 
difference in the voltages Vi and V2. Therefore it is not only 
desirable to make C2 as large as possible to eliminate 
output voltage ripple, but also to employ a correspondingly 
large value for Ci in order to achieve maximum efficiency of 
operation. 

DO'S AND DON TS 

1. Do not exceed maximum supply voltages. 

2. Do not connect LV terminal to GROUND for supply 
voltages greater than i1 volts. 

3. Whien using polarized capacitor^, the + terminal of 
Ci must be connected to pin 2 of the ICL7662 and 



the + terminal of C2 must be connected to 
GROUND. 

TYPICAL APPLICATIONS 

Simple Negative Voltage Converter 

The majority of applications will undoubtedly utilize the 
ICL7662 for generation of negative supply voltages. Figure 
5 shows typical connections to provide a negative supply 
where a positive supply of +4.5V to 20.DV is available. 
Keep in mind that pin 6 (LV) is tied to the supply negative 
(GND) for supply voltages below 11 volts. 

The output characteristics of the circuit in Figure 5 are 
those of a nearly ideal voltage source in series with 65 
ohms. Thus for a load current of -10mA and a supply 
voltage of + 15 volts, the output voltage will be 14.35 volts. 
The dynamic output impedance due to the capacitor 
impedances is approximately l/coC, where: 



C = C-j = C2 
which gives — ^ 



27r fpumpx 10" 



= 3 ohms 



for C = lOjuF and fpump = 5kHz (1/2 of oscillator frequen- 
cy) 

Paralleling Devices 

Any number of ICL7662 voltage converters may be 
paralleled to reduce output resistance. The reservoir capac- 
itor, C2, serves all devices while each device requires its 
own pump capacitor, Ci. The resultant output resistance 
would be approximately 



R0UT = 



RqUT (of ICL7662) 
n (number of devices) 



Cascading Devices 

The ICL7662 may be cascaded as shown to produce 
larger negative multiplication of the initial supply voltage. 
However, due to the finite efficiency of each device, the 
practical limit is 10 devices for light loads, the output 
voltage is defined by: 

VoUT=-n (V|n), 

where n is an integer representing the number of devices 
cascaded. The resulting output resistance would be approx- 
imately the weighted sum of the individual ICL7662 Rqut 
values. 
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Figure 5: Simple Negative Converter 
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Figure 6: Paralleling Devices 
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Figure 7: Cascading Devices for Increased Output Voltage 



10^F 




V + 

II 
1}— 



_>vvv — ^ I 



CMOS 
GATE 



-OVouT 



Figure 8: External Clocking 



frequency. This reduces the switching losses, and is 
achieved by connecting an additional capacitor, Cosc as 
shown in Figure 9. However, lo\«^ing the oscillator frequen- 
cy will cause an undesirable increase Ih the Impedance of 
the pump (Ci) and reservoir (C2) capacitors; this Is over- 
come by increasing thp values of Ci and C2 by the same 
factor that the frequency has been reduced. For example, 
the addition of a 100pF capacitor between pin 7 (Osc) and 
V^ will lower the oscillator frequency to 1kHz from Its 
nominal frequency of 10kHz (a multiple of 10), and thereby 
necessitate a corresponding increase in the value of Ci and 
C2 (from IOmF to lOO/uF). 




Changing the ICL7662 Oscillator Frequency 

It may be desirable in some applications, due to noise or 
other considerations, to increase the oscillator frequency. 
This is achieved by overdriving the oscillator from an 
external clock, as shown in Figure 8. In order to prevent 
possible device latchup, a 1k^ resistor must be used in 
series with the clock output. In the situation where the 
designer has generated the extet^nal clock frequency using 
TTL logic, the addition of a lOkH pullup resistor to V+ 
supply Is required. Note that the pump frequency with 
external clocking, as with Internal clocking, will be 1 /2 of the 
clock frequency. Output transitions occur on the positive- 
going edge of the clock. 

It is also possible to Increase the conversion efficiency of 
the ICL7662 at low load levels by lowering the oscillator 
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Figure 9: Lowering Oscillator Frequency 



Positive Voltas|e Doubling 

The ICL7662 may be employed to achieve positive 
voltage doubling using the circuit shown in Figure 1Q. In this 
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S ieL7662 

N ... , , 

«J application, the pump inverter switches of the ICL7662 are 
a used to charge Ci to a voltage level of V^ - Vp (where V "*" 
is the supply voltage and Vp is the forward voltage drop of 
diode Di). On the transfer cycle, the voltage on Ci plus the 
Supply voltage (V^) is applied through diode D2 to capaci- 
tor C2. The voltage thus created on C2 becomes 
(2V*')-(2Vf) or twice the supply voltage minus the com- 
bined fon/vard voltage drops of diodes D-j and D2. 

The source impedance of the output (Vqut) will depend 
on the output current, but for V "*" - 1 5 volts and an output 
current of 10mA it will be approximately 70 ohms. 
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Figure 10: Positive Voltage Doubler 



Combined Negative Voltage Conversion 
and Positive Supply Doubling 

Figure 1 1 combines the functions shown in Figures 5 and 
10 to provide negative voltage conversion^ and positive 
voltage doubling simultaneously. This approach would be, 
for example, suitable for generating +9 volts and -5 volts 
from an existing +5 volt supply. In this instance capacitors 
Ci and C3 perform the pump and reservoir functions 
respectively . for the generation of the negative voltage, 
while capacitors C2 and C4 are pump and reservoir 
respectively for the doubled positive voltage. There is a 
penalty in this, configuration which combines both functions, 
however, in that the sourpe impedances of the generated 
supplies will be somewhat higher due to the finite imped- 
ance of the common charge pump driver at pin 2 of the 
device. , , 
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Figure 11: Combined Negative Converter 
and Positive Doubler 



Voltage Splitting 

The bidirectional characteristics can also be used to split 
a higher supply In half, as shown in Figure 12. The 
combined load will be evenly shared between the two sides 
and, a high valgfe resistor to the LV pin ensures start-up. 
Because the switches share the load In parallel, the output 
impedance is much lower than in the standard circuits, and 
higher currents can be drawn from the device. By using this 
circuit, and then the circuit of Figure 7, +30V can be 
converted (via +15V, and ~15V) to a nominal ~30V, 
although with rather high series output resistance (~250S7). 




Figure 12: Splitting A Supply in Half 



Regulated Negative Voltage Supply 

In some cases, the output impedance of the ICL7662 can 
be a problem, particularly if the load current varies substan- 
tially. The circuit of Figure 13 can be used to overcome this 
by controlling the input v6ltage, via an ICL7611 low-power 
CMOS op amp, in such a way as to maintain a nearly 
constant output voltage. Direct feedback is Inadvisable, 
3lnce the ICL7662's output does not respond instanta- 
neously to a change in input, but only after the switching 
delay. The circuit shown supplies enough delay to accom- 
modate the 7662, while maintaining adequate feedback. An 
increase in pump and storage capacitors is desirable, and 
the values shown provides an output impedance of less 
than 5^ to a load of 10mA. 
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Figure 13: Regulating the Output Voltage 



OTHER APPLICATiONS 

Further information on the operation and use of the 
ICL7662 may be found in A051 "Principals and Applications 
of the ICL7660 CMOS Voltage Converter" by Peter Brad- 
shaw and Daye Bingharn. 
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ICL7663/7664 

CMOS Programmable 
Micropower Voltage Regulators 

GENERAL DESCRIPTION 

The ICL7663 (positive) and ICL7664 (negative) series 
regulators are low-power, high-efficiency devices which 
accept inputs from 1.6V to 10V and provide adjustable 
outputs over the same range at currents up to 40mA. 
Operating current is typically less than 4/LtA, regardless of 
load. 

Output current sensing and remote shutdown are avail- 
able on both devices, thereby providing protection for the 
regulators and the circuits they power. A unique feature, on 
the ICL7663 only, is a negative temperature coefficient 
output. This can be used, for example, to efficiently tailor 
the voltage applied to a multiplexed LCD through the driver 
(e.g., ICM7231 /2/3/4) so as to extend the display operating 
temperature range many times. 

The ICL7663 and ICL7664 are available in either an 8-pin 
plastic, TO-99 can, CERDIP, and SOIC packages. 

ORDERING INFORMATION 




FEATURES 

• Ideal for Battery-Operated Systems: Less Than 
4/LiA Typical Current Drain 

• Will Handle Input Voltages From 1.6V to 16V 

• Very Low Input-Output Differential Voltage 

• 1.3V Bandgap Voltage Reference 

• Up to 40mA Output Current 

• Output Shutdown Via Current-Limit Sensing or 
External Logic Signal 

• Output Voltages Programmable From 1.3V to 
16V 

• Output Voltages With Programmable Negative 
Temperature Coefficients (ICL7663 Only) 



0) 

1^ 



POSITIVE REGULATOR 


PART NUMBER 


TEMPERATURE 
RANGE 


PACKAGE 


ICL7663CBA 

ICL7663CPA 

ICL7663CJA 

ICL7663/D 

ICL7663CTV 


OX to +70**C 
OX to +70X 
OX to +70X 

OX to +70X 


8-Lead SOIC 
8-Lead MiniDIP 
8-Lead CERDIP 
DICE** 
8-Lead TO-99 



NEGATIVE REGULATOR 


PART NUMBER 


TEMPERATURE 
RANGE 


PACKAGE 


ICL7664/D 

ICL7664CBA 

ICL7664CJA 

ICL7664CPA 

ICL7664CTV 


OX to +70X 
OX to +70X 
OX to +70X 
OX to +70X 


DICE** 
8-Lead SOIC 
8-Lead CERDIP 
8-Lead MiniDIP 
8-Lead TO-99 



•Parameter Mm/Max Limits guaranteed at 25°C only for DICE orders. 
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<> SHUTDOWN 




ICL7663 



Figure 1: Functional Diagram 



ICL7664 
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ABSOLUTE MAXIMUM RATINGS, ICL7663 POSITIVE REGULATOR 



Output Sinking Current (Terminal 7) -10mA 

Power Dissipation (Note 2) 

IVIiniDIP ...200mW 

TO-99 Can , 300mW 

Operating Temperature Range 0°C to +70°C 

Storage Temperature. -65°C to +150°C 

Lead Temperature (Soldering, 10sec) 300°C 

Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 



Input Supply Voltage + 18V 

Any Input or Output Voltage (Note 1) (Terminals 1, 2, 

3, 5, 6, 7) (GND -0.3V) to (V||i;i +0,3V) 

Output Source Current 

(terminal 2) 50mA 

(Terminal 3) 25mA 
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ICL7663 Positive Regulator 

8EN»e>^ (i) >vVtc 
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(outline dwg TV) 
ICL7664 Negative Regulator 
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Figure 2: Pin Configurations 



ICL7663 ELECTRICAL CHARACTERISTICS 

V|ft = 9V, VouT = 5V, Ta= +25*^0, unless othenA^ise specified. See Test Circuit Figure 3. 



SYIWIBOL 


PARAMETER 


TEST CONDITIONS 


LIMITS 


UNIT 


MIN 


TYP 


MAX 


V|N 


Input Voltage 


Ta=+25°C 

0°C < Ta < + TO^C 


1.5 
1.6 




16.0 
16.0 


V 


IQ 


Quiescent Current 


Rlt*» ) V|N = 16V 
1 .4V < VouT ^ 8.5V V|N = 9V 




4.0 
3.5 


12 
10 


M 


VSET 


Reference Voltage 




1.2 


1.3 


1.4 


V 


AVsET 
AT 


Temperature Coefficient 


8.5V <V|N <9V 




±200 




ppm 


AVsET 
VsetAVin 


Line Regulation 


2V < V|N <t 9V 




0.03 




%/V 


ISET 


VsET Input Current 






±0.01 


10 


nA 


'SHDN 


Shutdown Input Current 






±0.01 


10 


nA 


VSHDN 


Shutdown Input Voltage 


VshdnHI: Both VouT Disabled 
VshdnLO: Both Vqut Enabled 


1.4 




0.3 


V 
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ICL7663/7664 



ICL7663 ELECTRICAL CHARACTERI 


STICS (CONT.) 










SYMBOL 


PARAMETER 


TEST CONDITIONS 


LIMITS 


UNIT 


MIN 


TYP 


MAX 


'sense 


Sense Pin Input Current 






0.01 


10 


nA 


VCL 


Sense Pin Input Threshold Voltage 


VCL = V0UT2-VSENSE 
(Current-Limit Threshold) , 




0.7 




V 


RSAT 


Input-Output On-Resistance 
(Note 3) 


V|N = 2V 
V,N = 9V 
V|N = 15V 




200 
70 
50 




Q. 


AVoUT 
AIOUT 


Load Regulation 


AloUT1=100/uA @ VouT1=5V 
AI0UT2 = 10mA @ VouT2 = 5V 




2.0 
1.0 




n 


l0UT2 


Available Output Current (V0UT2) 


V|N = 3VVouT = VsET 
V|N = 9VVouT = 5V 
V|N = 15V VouT = 5V 


10 
25 
40 






mA 


Vtc 


Negative-Tempco Output (Note 4) 


Open-Circuit Voltage 




0.9 




V 


Itc 


Maximum Sink Current 





8 


2.0 


mA 


AVtc 
AT 


Temperature Coefficient of Vjc Output 


Open Circuit 




+ 2.5 




mV/X 


iL(min) 


Minimum Load Current 


(Includes Vset Divider) 


1.0 






fxA 



NOTES: 1 . Connecting any terminal to voltages greater then (Vijij + 0.3V) or less than (GND-0.3V) may cause destructive device latchup. 
It is recommended that no inputs from sources operating on external power supplies be applied prior to ICL7663B power-up. 

2. Derate linearly above 50''C at 5mW/°C for minidip and 7.5mW/°C for TO-99 can. 

3. This parameter refers to the on-resistance of the MOS pass transistor. The minimum input-output voltage differential at low 
current (under 5mA), can be determined by multiplying the load current (including set resistor current, but not quiescent current) 
by this resistance. 

4. This output has a positive temperature coefficient. Using it in combination with the inverting input of the regulator at Vset. a 
negative coefficient results in the output voltage. See Figure 4 for details. Pin will not source current. 
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ICl^7663/t664 

ABSOLUTE MAXiMUM RATINGS, ICL7684 NEGATIVE REGULATOR 



Input Supply Voltage -18V 

Any Input or Output Voltage (Note 1) Terminals 1, 2, 3, 

4, 5, 6, 7)........ (GND 4-0.3V) to (V|n -0.3V) 

Output Sink Current 

(Terminals 1, 7) 25mA 



Power Dissipation (Note 2) 

MiniDIP 200mW 

TO-99 300mW 

Operating Temperature Range , 0°C to + 70**C 

Storage Temperature Range - 65°C to + 1 50°C 

Lead Temperature (Soldering, 10sec) 300X 

stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 

ICL7664 ELECTRICAL CHARACTERISTICS 

V|N = -9V, VouT= -5V, Ta= +25°C, unless otherwise specified. See Test Circuit Figure 3. 



SYMBOL 


PARAMETER 


TEST CONDITJONS 


LIMITS 


UNIT 


MIN 


TYP 


MAX 


V|N 


Input Voltage 


Ta= +25°C 

0°C < Ta < + 70X 


-1.5 
-1.6 




-16.0 
-16.0 


V 


IQ 


Quiescent Current 


.Rl = - -. V,N = 16V 
[ -1.4V <VouT^ -8.5V ] V!N = 9V 




40 
3.5 


12 
10 


ma 


VSET 


Reference Voltage 




-12 


-1.3 


-1.4 


V 


AVsET 
AT 


Temperature Coefficient 


-8.5V<V|N< -9V 




±200 




ppm 


AVsET 

VsetAVin 


Line Regulation 


--2V < V|N < -9V 




03 




%/V 


"set 


VsET Input Current 






±0.01 


10 


nA 


ISHDN 


Shutdown Input Current 






±0.01 


10 


nA 


VSHDN 


Shutdown Input Voltage 


VshdnHI- Both Vout Disabled 
VshdnLO- Both VouT Enabled 


-03 




-1.6 


V 


'sense 


Sense Pin Input Current 






0.01 


10 


nA 


VCL 


Sense Pin Input Threshold Voltage 


VCL = VoUT2 - VseNSE 
(Current-Lim.it Threshold) 




-0.35 




V 


RSAT 


Input-Output On-Resistance 
(Note 3) 


V|N = 2V 
V|N = 9V 
V,N = 15V 




150 
40 
30 




n 


AVoUT 
AloUT 


Load Regulation 


AIquTI = "IOOmA @ VouT. = -5V 




2.0 




a 


'out 


Output Current Vquti or VouT2 


V|N = 3V VouT = VsET 
V|N = 9V VouT=-5V 
V|N = 15V VouT=-5V 




-2 
-20 
-40 




mA 


iL(nnin) 


Minimum Load Current 
(Includes Vset Divider) 




1.0 






mA 



NOTES: 1 Connecting any terminal to voltages greater then (GND +0.3V) or less then (V|n-0.3V) may cause destructive device latchup 
It IS recommended ihat no inputs from sources operating on external power supplies be applied prior to ICL7664 power-up. 

2. Derate linearly above 50°C at 5mW/°C for minidip and 7.5mW/°C for TO-99 can. 

3. This parameter refers to the on-resistance of the MOS pass transistor. The minimum input-output voltage differential can be 
determined by multiplying the load current (including set resistor current, but not quiescent cuirent) by this resistance 
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ICL7663/7664 



"4 

0) 
0) 
Ci) 

0) 




Ri 
^ 1^ MIN 



NOTES: 1. S-i when closed, disables output current 
limiting. 
2. For ICL7664, exchange Vquti and 
VouT2- S2 action differs, as follows: 



DEVICE 



ICL7663 



ICL7664 



S2 CLOSED 



V0UTI 



V0UTI + V0UT2 



S2 OPEN 



V0UT2 



V0UTI 



1MQ 

-■^^v- 



-01.4V<VSHDN<V|ti 

TC02530I 



R2 + Ri 
3. VoUT VsET 

Iq quiescent current is measured at GND 
pin by meter M. 

S3 when ON, permits normal operation, 
5. when OFF, shuts down both Vquti and 
VoUT2- 



Figure 3: Test Circuit for ICL7663/64 (Polarities shown are for ICL7663. Reverse for ICL7664) 



TYPICAL PERFORMANCE CHARACTERISTICS 



ICL7663 OUTPUT VOLTAGE AS A 
FUNCTION OF OUTPUT CURRENT 
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ICL7663 INPUT POWER SUPPLY 
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ICL7663 V0UT2 INPUT-OUTPUT 
DIFFERENTIAL VS OUTPUT CURRENT 
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ICL7663 QUIESCENT CURRENT AS 
A FUNCTION OF INPUT VOLTAGE 



5 10 15 20 25 30 36 40 45 50 
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OP021001 

ICL7663 QUIESCENT CURRENT AS A 
FUNCTION OF TEMPERATURE 
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TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 



ICL7664 OUTPUT VOLTAGE AS A 
FUNCTION OF OUTPUT CURRENT 

-5.000 

-4.995 

-4.990 

-4.985 
J. -4.980 
: -4.975 
} -4.970 

-4.965 

-4.960 

-4.955 

-4.950 

1/iA 10/iA IOOmA 1.0 10.0 100.0 
iouT (mA) 

OP02140I 

ICL7664 INPUT POWER SUPPLY 
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ICL7664 VouTI INPUT-OUTPUT 

DIFFERENTIAL VS OUTPUT 

CURRENT 

2.0 

1.8 

1.6 

> 1-^ 

"S^ 1.2 
I 1.0 

>. 0.6 

0.4 

0.2 


3.0 6.0 9.0 12.0 15.0 

l0UT2 (mA) 

OP02150I 

iCL7664 QUIESCENT CURRENT AS 
A FUNCTION OF INPUT VOLTAGE 

5.0 

4.5 

4.0 

3.5 
^ 3.0 
I 2.5 
? 2.0 

1.5 

1.0 

0.5 



2 4 6 8 10 12 14 16 
ViN (V) , 

OP02180I 



ICL7664 VoUT2 INPUT-OUTPUT 
DIFFERENTIAL VS OUTPUT CURRENT 
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ICL7664 QUIESCENT CURRENT AS A 
FUNCTION OF TEMPERATURE 
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DETAILED DESCRIPTION 

The ICL7663 and ICL7664 are CMOS integrated circuits 
which contain all the functions of a voltage regulator plus 
protection circuitry on a single monolithic chip. Referring to 
the functional diagrams (Figure 1), It can be seen that each 
contains a bandgap-type voltage reference of 1.3 Volts. 
This voltage, therefore, is the lowest output voltage the 
regulators can control ( -1.3V for the ICL7664). Error 
amplifier A drives either a P-channel (ICL7663) or an 
N-channel (ICL7664) pass transistor which Is sufficient for 
low (under about 5mA) currents; this transistor is augment- 
ed by a duplicate in the ICL7664, which permits higher 
current outputs. In the ICL7663, the high current output is 
passed by an NPN bipolar transistor connected as a 
follower. This configuration gives more gain and lower 
output impedance. 

Logic-controlled shutdown is implemented via an MOS 
transistor of the appropriate polarity. Current-sensing is 
achieved with comparator C, which functions with the 
VouT2 'irie on each chip. Finally, the positive regulator 
(ICL7663 only) has an output (Vjc) from a buffer amplifier 
(B), which pan be used to generate programmable-tempera- 
ture-coefficient output voltages. 

The amplifiers, reference and comparator circuitry all 
operate at bias levels well below IjuA to achieve the 



extremely low quiescent current. This does limit the dynam- 
ic response of the circuits, however, and transients are best 
dealt with outside the regulator loop. 

BASIC OPERATION 

The ICL7663 and ICL7664 are designed to regulate 
battery voltages in the 5V to 15V region at maximum load 
currents of about 5mA to 30mA. Although intended as low 
power devices, power dissipation limits must be observed. 
For example, the power dissipation in the case of a 10V 
supply regulated down to 2V with a load current of 30mA 
clearly exceeds the power dissipation rating of the minidip: 
(10-2)(30) (10-^) = 240mW. The test circuit illustrates 
proper use of the devices. Although the following discussion 
refers to the ICL7663, it applies as well to the parallel 
features of the ICL7664 as long as the appropriate polarities 
are reversed, individual features and precautions will be 
discussed where appropriate. 

CMOS devices generally require two precautions: every 
input pin must go somewhere, and maximum values of 
applied voltages and current limits must be rigorously 
observed. Neglecting these precautions may lead to, at the 
least, incorrect or non-operation, and at worst, destructive 
device failure. To avoid the problem of latchup, do not apply 
inputs to any pins before supply voltage is applied. 
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ICL7663/7664 



Input Voltages — These regulators accept working inputs 
of 1.4V to 18V. When power is applied, the rate-of-rise of 
the input may be hundreds of volts per microsecond. This is 
potentially harmful to the regulators, where internal operat- 
ing currents are in the nanoampere range. The 0.047/uF 
capacitor on the device side of the switch will limit inputs to 
a safe level around 2V/jus. Use of this capacitor is 
suggested in all applications. In severe rate-of-rise cases, it 
may be advisable to use an RC network on the SHutDowN 
pin to delay output turn-on. Battery charging surges, tran- 
sients, and assorted noise signals should be kept from the 
regulators by RC filtering, zener protection, or even fusing. 
Output Voltages — The resistor divider R2/R1 is used to 
scale the reference voltage, Vset. to the desired output 
using the formula VouT = C + R2/R1) Vset- In the 
ICL7664, V|N and Vset are negative, so Vqut will also be 
negative. Suitable arrangements of these resistors, using a 
potentiometer, enables exact values for Vqut to be ob- 
tained. Because of the low leakage current of the Vset 
terminal, these resistors can be tens of megohms for 
minimum additional quiescent drain current. However, some 
load current is required for proper operation, so for extreme- 
ly low-drain applications it is necessary to draw at least 1 juA. 
This can include the current for R2 and Ri. 

Output voltages up to nearly the V|n supply may be 
obtained at low load currents, while the low limit is the 
reference voltage. The minimum input-output differential in 
each regulator is obtained using the Vquti terminal. 
Output Currents — For the ICL7663, low output currents 
of less than 5mA are obtained with the least input-output 
differential from the Vquti terminal (connect VouT2 to 
Vquti)- Either output may be used on the ICL7664, with the 
unused output connected to V|n. Where higher currents are 
needed, use Vqut2 on the ICL7663 (Vquti should be left 
open in this case) and parallel Vquti and Vqut2 on the 
ICL7664. 

High output currents can be obtained only as far as 
package dissipation allows. It is strongly recommended that 
output current-limit sensing be used in such cases. 
Current-Limit Sensing — The on-chip comparator (C in 
the block diagrams) permits shutdown of the regulator 
output in the event of excessive current drain. As the test 
circuits show, a current-limiting resistor, Rql. is placed in 
series with Vqut2' and the SENSE terminal is connected to 
the load side of Rql- When the current through Rql is high 
enough to produce a voltage drop equal to Vql (0-7V for 
ICL7663, 0.35V for ICL7664) the voltage feedback is 
bypassed and the regulator output will be limited to this 
current. Therefore, when the maximum load current (I load) 
is determined, simply divide Vql by I LOAD to obtain the 
value for Rql- 

Logic-Controllable Shutdown — When equipment is not 
needed continuously (e.g., in remote data-acquisition sys- 
tems), it is desirable to eliminate its drain on the system until 
it is required. This usually means switches, with their 
unreliable contacts. Instead, the ICL7663 and ICL7664 can 
be shut down by a logic signal, leaving only Iq (under 4mA) 
as a drain on the power source. Since this pin must not be 
left open, it should be tied to ground if not needed. A 
voltage of less than 0.3V for the ICL7663, and greater than 



-0.3V for the ICL7664 will keep the regulator ON, and a 
voltage level of more than 1 .4V but less than Vj^i for the 
ICL7663, and less than -1 .4V but not less than Vfisj for the 
ICL7664 control will turn the outputs OFF. If there is a 
possibility that the control signal could exceed the regulator 
input (V||g or V|n), the current from this signal should be 
limited to lOOjuA maximum by a high-value (1M^) series 
resistor. This situation may occur when the logic signal 
originates from a system powered separately from that of 
the regulator. 

Additional Circuit Precautions — These regulators have 
poor rejection of voltage fluctuations from AC sources 
above 1 0Hz or so. To prevent the output from responding 
(where this might be a problem), a reservoir capacitor 
across the load is advised, the value of this capacitor is 
chosen so that the regulated output voltage reaches 90% 
of its final value in 20ms. From 



AV 

I = C — , C = 

At 



•our 



(20x10-2) 



0.9VQUT 



= 0.022- 



'out 
Vqut 



In addition, where such a dapacitor is used, a current- 
limiting resistor is also suggested (see "Current-Limit 
Sensing"). 

Producing Output Voltages With Negative Temperature 
Coefficients — The ICL7663 has an additional output (not 
present on the ICL7664) which is 0.9V relative to GND and 
has a tempco of + 2.5mV/°C. By applying this voltage to 
the Inverting Input of amplifier A (i.e., the Vset P'n). output 
voltages having negative TO may be produced. The TO of 
the output voltage is controlled by the R2/R3 ratio (see 
Figure 4 and its design equations). 



r 



Ri R2 

A<W y VSAr- 



Vset 'N-i — ( 



* OVOUT 



1 JT 



VreF 



EQ.1 : Vqut = Vset(1 + ^) + ^(VSET - Vtc) 
Rl R3 

R2 

EQ.2: TO Vqut = — ^(TCVtq) In mV/°C 

R3 



WHERE: Vset = 1-3V 

Vtc = 0.9V 

TCVtc= +2.5mV/*^C 

Figure 4: Generating Negative 
Temperature Coefficients 
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APPLICATIONS 



vin: 



0.047mF 



V|N 



SENSE 



V0UT2 

VOUTI 
ICL7663 

vtc 

VSET 
GND SHON 



RCL 
"AMr- 



I 1"^ 



VOUT 
Rl 



^^ RCL 



Figure 5: Basic Application of ICL7663 as 
Positive Regulator with Current Limit 
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0.047/tF 



GND SHDN 
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VoUT2 
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1 Jb. 



^ i 



< > VouT 



1 



RCL 



^ 



R2 + R1 
VoUT = — VsET 



ICL = 



Rl 

0.35V 
RCL 



Figure 6: Basic Application of ICL7664 as 
Negative Regulator with Current Limit 
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Vin Vout 

GNO VsET 



IOOmF 



ZD, 
1N4 



IOOmF^ 



. 0.047;iF 



. 0.047mF 



RCL 



R2 



I"' 



GND VsET 



ViN Vout 

iCL7664 
SENSE 






RCL 

-VW— ^^— * 0-5V 



"C* 



1 



'Values depend on load charactenstics 

Figure 7: Generating regulated split supplies from a single supply. 

The oscillation frequency of the ICL7660 is reduced by the external oscillator capacitor, so that it 
inverts the battery voltage more efficiently. 
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ICL7663/7664 
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VouTi 
VouT2 
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J 
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|. 
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SIGNAL 



Figure 8: Once a Day System. 



This circuit will turn on a regulated supply to a system for one minute every day, via the SHUTDOWN 
pin on the ICL7664, and under control of the ICM7223A Alarm Clock circuit. If the system decides it 
needs another one minute activation, pulling the REPEAT line to V (GND) during one activation will 
trigger a subsequent activation after a snooze interval set by the choice of SN pins (2 mins shown). 
Alternatively, activation of the Sleep timer, without pause, can be achieved. See ICM7223A data 
sheet for details. 
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I ICL7663/7664 
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ICL7663B/4B ADDENDUM TO THE ICL7663/4 DATASHEET 



This Addendum to the standard ICL7663/4 datasheet 
describes changes and/or modifications to the DC Operat- 
ing characteristics applicable to the ICL76e3B/ICL7664B 
devices. The following table indicates those limits to which 
the ICL7663B/ICL7664B is tested and/or guaranteed oper- 
ational. 



ICL7663B POSITIVE REGULATOR 
ORDERING INFORMATION 



POSITIVE REGULATOR 


ICL7663B/D 





DICE 


ICL7663BCBA 


0°C to 70*'C 


8-pin S.O.I.C. 


ICL7663eCJA 


0*»C to 70°C 


8-pin CERDIP 


ICL7663BCPA 


OX to 70''C 


8-pin MiniDIP 


ICL7663BCTV 


0°C to 70X 


TO-99 



Outpgt Sinking Current (Terminal 7) -10mA 

Power Dissipation (Note 2) 

MiniDIP .: ....200mW 

TO-99 Can 300mW 



ABSOLUTE MAXIMUM RATINGS ICL7663B 

Input Sgpply Voltage + 12V 

Any Input or Output Voltage (Note 1) Terminals 1, 2, 3, 

4, 5, 6, 7) (GND -0.3V) to {y\% +Q.3V) 

Output Source Current 

(Terminal 2) .: : ....50mA 

(Terminal 3) 25mA 

Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 

ICL7663B OPERATING CHARACTERISTICS V|ft = 9V, Vqut^SV, Ta= +25°C, unless othen^lse specified 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


LIMITS 


UNIT 


MIN 


TYP 


MAX 


Vift 


Input Voltage 


Ta = + 25X 

20°C < Ta < + 70°C 


1.5 
1.6 




10 
10 


V 


IQ 


Quiescent Current 


JRl = - I 

1i.4V<VouT^8.5V) 




3.5 


10 


mA 


VSET 


Reference Voltage 




1.2 


1.3 


1.4 


V 


^VsET 
AT 


Temperature Coefficient 


8.5V < W\ti < 9V 




±200 




ppm 


AVsET 

VsetAVin 


Line Regulation 


2V < V|i^ < 9V 




0.03 




%/V 


ISET 


VsET Input Current 






±0.01 


10 


nA 


'SHDN 


Shutdown Input Current 






±0.01 


10 


nA 


VSHDN 


Shutdown Input Voltage 


VshdnHI: Both Vout Disabled 
VshdnLO: Both Vqut Enabled 


1.4 




0.3 


V 


'sense 


Sense Pin Input Current 






0.01 


10 


nA 


Vol 


Sense Pin Input Threshold Voltage 


VcL = VoUT2-VsENSE 
(Current-Limit Threshold) 




0.7 




V 


RSAT 


Input-Output Saturation Resistance 
(Note 3) 


Vijtj = 2V 
Viti = 9V 




200 
70 




a 


AVoUT 
AlQUT 


Load Regulation 


AI0UTI = lOOjuA @ V0UTI = 5V 
AI0UT2 = 10mA @ V0UT2 = 5V 




2 

1 




^ 


I0UT2 


Available Output Current (VouT2) 


V,^=3V VoUT = VsET 
V|^ = 9V VouT = 5V 


10 
25 






mA 


Vtc 


Negative-Tempco Output (Note 4) 


Open-Circuit Voltage 




0.9 




V 


"TC 


Maximum Sink Current 





8 


2 


mA 
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ICt7663/7664 

ICL7663B OPERATING CHARACTERISTICS (CONT.) 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


LIMITS 


UNit 


MIN 


TYP 


MAX 


AVtc 
AT 


Temperature Coefficient 


Open Circuit 




+ 2.5 




m\irc 


'Umin) 


Minimum Load Current 


(Includes Vset Divider) 






1 


MA 



CO 
*>! 
0) 



NOTES: 1 Connecting any terminal to voltages greater than (Vij^ +0.3V) or less than (GND -0.3V) may cause destructive device latchup. It is 
recohnmended that no inputs from sources operating on external power supplies be applied pnor to ICL7663B power-up. 

2. Derate linearly above 50°C at 5mW/°C for minidip and 7.5mW/°C for TO-99 can. 

3. This parameter refers to the saturation resistance of the MOS pass transistor. The minimum input-output voltage differential at low current 
(under 5mA), can be determined by multiplying the load current (including set resistor current, but not quiescent current) by this resistance. 

4 This output has a positive temperature coefficient. Using it in combination with the inverting input of the regulator at Vset. a negative coefficient 
results in the output voltage. See Figure 3 for details. Pin will not source current. 
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I ICL766d/7664 



ICL7664B NEGATIVE REGULATOR 



o 

(0 

N ORDERING INFORMATION 
O 



Negative Regulator 


ICL7664BCPA 


to +70*^0 


8-pin MiniDIP 


ICL7664BCTV 


to +70X 


TO-99 


ICL7664B/D 


— 


DICE 


ICL7664BCBA 


tp +70X 


8-pin S.O.I.C 


ICL7664BCJA 


to +70X 


8-pin CERDIP 



ABSOLUTE MAXIMUM RATINGS 
ICL7664B 

Input Supply Voltage.. -12V 

Any Input or Output Voltage (Note 1) 

(Terminals 1,2.3,4,5,6.7,) (GND + 0.3V) 

to (VTn-O.SV) 
Output Source Current 

(Terminal 1.7) ....-25mA 

Power Dissipation (Note 2) 

MiniDIP 200mW 

TO-99 SOOmW 

Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to 
absolute maximum rating conditions for extended penods may affect device reliability. 



ICL7664B OPERATING CHARACTERISTICS vin = 

specified. 



9V, Vout = - 5V, Ta = + 25°C, unless othen/vise 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


LIMITS 


UNIT 


MIN 


TYP 


MAX 


V|N 


Input Voltage 


Ta=+25°C 
0<Ta< +70°C 


-1.5 
-1.6 




-10 
-10 


V 


IQ 


Quiescent Current 


(Rl = - ( 

1-1.4V<VouT^ -8.5VJ 


3.5 


10 


mA 




VSET 


Reference Voltage 




-1.2 


-1.3 


-1.4 


V 


AVsET 

AT 


Temperature Coefficient 


-8.5V<V|N<-9V 




±200 




ppm 


If 


Lrne Regulation 


-2V<V|N< -9V 




0.03 




%/V 


'SET 


VsET Input Current 






±0.01 


10 


nA 


'SHDN 


Shutdown Input Current 






±0.01 


10 


nA 


VSHDN 


Shutdown Input Voltage 


VshdnHI: Both Vout Disabled 
VshdnLO: Both Vout Enabled 


-0.3 




-1.4 


V 


'sense 


Sense Pin Input Current 






0.01 


10 


nA 


Vol 


Sense Pin Input Threshold Voltage 


Vol = Vout2 - Vsense 
(Current-Limit Threshold) 




-0.35 




V 


RSAT 


Input-Output Saturation Resistance 
(Note 3) 


V,N = 2V 
V|N = 9V 




150 
40 




Q. 


AVouT 
AIqut 


Load Regulation 


AI0UTI = 100mA @ 
AloUT=-5V 




2 




a 


lOUT 


Output Current Vquti or VouT2 


vrN = 3V Vout = Vset 

V|N = 9V VoUT=-5V 




-2 
-20 




mA 


iL(min) 


Minimum Load Current 
(Includes Vset Divider) 








1 


mA 



NOTES: 1. Connecting any terminal to voltages greater than (QND -(-0.3V) or less than (V|n -0.3V) may cause destructive device latchup. It is 
recommended that no inputs from sources operating on external power supplies be applied prior to ICL7664B power-up 

2. Derate linearly above 50°C at 5mW/°C for minidip and 7.5mW/°C for TO-99 can. 

3 This parameter refers to the saturation resistance of the MOS pass transistor. The minimum input-output voltage differential can be determined 
by multiplying the load current (including set resistor current, but not quiescent current) by tnis resistance. 
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ICL7665 

Micropower Under/Over 
Voltage Detector 




01 



GENERAL DESCRIPTION 

The ICL7665 contains two individually programmable 
voltage detectors on a single chip. Requiring only SjjlA 
typical for operation, the device is intended for battery- 
operated systems and instruments which require high or low 
voltage warnings, settable trip points, or fault monitoring 
and correction. Typical applications are battery-backup 
computer memories, battery-operated medical devices, ra- 
diation dosimeters, pocket pagers, portable calibrators, test 
instruments, and charging systems. 

ORDERING INFORMATION 



FEATURES 

• Exceptionally Low Supply Clirrent ( < 3/uiA Typ) 

• Individually Programmable Upper and Lower Trip 
Voltages and Hysteresis Levels 

• Accurate On-Chip Bandgap Reference 

• Up to 20mA Output Current Sinking Ability 

• Wide Supply Voltage Range 



PART NUMBER 



ICL7665CPA 

ICL7665CTV 

ICL7665/D 

ICL7665CBA 

ICL7665CJA 



TEMPERATURE 
RANGE 



O^'C to + 70*^0 
OX to +70X 

0*^0 to 70''C 
0°C to 70*'C 



PACKAGE 



8 Lead MinlDIP 
8 Lead TO-99 

DICE 
8 Lead SOIC 

8 Lead CERDIP 



**Parameter Min/Max Limits guaranteed at 25''C only for DICE orders. 



SET2a 




Conditions* 

VsET1 > 1-3V, 0UT1 switch ON HYST1 switch ON 
VsET1 < 1-3V, 0UT1 switch OFF HYST1 switch OFF 
VsET2 > 1-3V, 0UT2 switch OFF HYST2 switch ON 
VsET2 < 1-3V, 0UT2 switch ON HYST2 switch OFF 
*See Operating Characteristics for exact thresholds. 



Figure 1: Functional Diagram 





(Outlin« dwg PA) 
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Figure 2: Pin Configurations 
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302067-002 
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ICL7665 

ABSOLUTE MAXIMUM RATINdS 



Supply Voltage -0.3V to +18V 

Output Voltages OUT1 and 0UT2 (with respect to 

GND) (Note 2) -0.3V to +18V 

Output Voltages HYST1 and HYST2 (with respect to 

V"^) (Note 2) , + 0.3V to -18V 

Input Voltages SET1 and SET2 

(Note 2) (GND-0,3V) to (V"*" +0.3V) 



Maximum Sink Output Current 0UT1 and OUT2...25mA 
Maximum Source Output Current HYST1 

and HYST2 -25mA 

Power Dissipation (Note 1).... :...200mW 

Operating Temperature Range 0°C to + 70?C 

Storage Temperature Range.. -55°C to +125°C 

Lead Temperature (Soldering, lOsec) 300°C 



Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 



ELECTRICAL CHARACTERISTICS 

DC OPERATING CHARACTERISTICS (v+ 

Fig. 4) 



5V, Ta = + 25°C, unless otherwise specified. See Test Circuit 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


LIMITS 


UNIT 


MIN 


TYP 


MAX 


V + 


Operating Supply Voltage 


Ta=+25°C 

0°C < Ta < + 70°C 


1.6 
1.8 




16 
16 


V 


1 + 


Supply Current 


GND<VsET1, VsET2^V + 
All Outputs Open Circuit 
V "^ = 2V 
V+ =9V 
V"^ =15V 




2.5 
2.6 
2.9 


10 
10 
15 


HA 


VSET1 
VSET2 


Input Tnp Voltage 




1.15 
1.2 


1.3 
1.3 


1.45 
1.4 


V 


AVsET 
AT 


Temperature Coefficient 
of VsET 






±200 




ppm/°C 


AVsET - 
AVs 


Supply Voltage Sensitivity 
of VsETI, VsET2 


RqUTL RogT2. RhYSTI. RHYST2 = 1Mfi 




0.004 




%/V 


Iqlk ' 
Ihlk 


Output Leakage Currents 
on OUT and ,HYST 


VsET = OV or VsET ^ 2V 




10 
-10 


200 
-100 


nA 


iOLK 

Ihlk 


V^ =9V, Ta = 70°C 
V + = 9V, Ta = 70°C 






2000 
-500 


Vquti 
Vquti 

VoUTI 


Output Saturation Voltages 


V+ = 2V, VsET1 = 2V, IouT1 = 2mA 
V+ = 5V. VsETI = 2V, I0UTI = 2mA 
V+ = 9V, VsET1 = 2V, I0UTI = 2mA 




0.2 
0.1 
0.06 


0.5 
0.3 
0.2 


V 


Vhysti 
Vhysti 
Vhysti 


V+ =2V, VsET1 =2V, IhySTI =v- 0.5mA 
V;^ = 5V, VsET1 = 2V, IhySTI = -0.5mA 
V+ = 9V, VsET1 = 2V, IhySTI = -0.5mA 




-0.15 
-0.05 
-0.02 


-0.3 
-0.15 
-0.10 


V0UT2 
V0UT2 
V0UT2 


V + = 2V, VsET2 = OV, I0UT2 = 2mA 

V + = 5V, VsET2 ^ OV, loUT2 = 2mA 

V + = 9V, VsET2 = OV, loUT2 = 2mA 




0.2 
0.15 
0.11 


05 
0.3 
0.25 


VhYST2 
VHYST2 
VhYST2 


V+ = 2V, VsET2 = 2V. IhyST2 = -0.2mA 
V t = 5V, VSET2 = 2V, IhyST2 = -0.5mA 
V+ = 9V, VseT2 = 2V, IHYST2 = -0.5mA 




-0.25 

-0.43 

0.35 


-0.8 
-1.0 
-1.0 


ISET 


VsET Input Leakage Current 


GND<VsET^V + 




0.01 


10 


nA 


AVSET 


AVsET Input for Complete 
Output Change 


R0UT = 4.7kl2, RHYST = 20k^ 
VoutLO = 1 % V + , VoutHI = 99% V + 




1 




mV 


VSET1-VSET2 


Difference in Trip Voltages 


RqUT. RHYST = 1Mi^ 




±5 


±50 




Output/Hysteresis Difference 


Rout. RHYST = iMn 




±1 





NOTES: 1. Derate above ±25°C ambient temperature at 4mW/*'C. 

2. Due to the SCR structure inherent in the CMOS process used to fabricate these devices, connecting any terminal to voltages greater 
than (V"^ +0.3V) or less than (GND -0.3V) may cause, destructive device latchup. For these reason, it is recommended that no 
inputs from external sources not operating from the same power supply be applied to the device before its supply is established, and 
that in multiple supply systems, the supply to the ICL7665 be turned on first. If this is not possible, currents into inputs and/or 
outputs must be limited to ± 0.5mA and voltages must not exceed those defined above. 
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ICL7665 

AC ELECTRICAL CHARACTERISTICS 



0> 
o> 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


LIMITS 


UNITS 


MIN 


TYP 


MAX 


tS01d 
tSH1d 
tS02d 
tSH2d 


Output Delay Time 
Input Going HI 


VsET Switched from 1.0V to 1 6V 
R0UT = 4 7ki2, CL=12pF 
RHYST = 20ka CL = 12pF 




70 

80 

120 

230 




fIS 


tS01d 
tSH2d 
tS02d 
tSH2d 


Output Delay Time 
Input Going LO 


VsET Switched from 1 6V to 1 OV 
R0UT = 4.7kn, CL = 12pF 
RHYST = 20ki2, CL = 12pF 




1040 

610 

70 

30 




MS 


toir 
t02r 
tH1r 
tH2r 


Output Rise Times 


VsET Switched between 1 OV and 1 6V 
R0UT = 4 7kf2, CL=12pF 
RHYST = 20ka Cl=12pF 




120 
80 

330 
25 




MS 


t01f 
t02f 
tH1f 
tH2f 


Output Fall Times 


VsET Switched between 1 OV and 1 6V 
R0UT = 4.7ka CL=12pF 
RHYST = 20ki7, CL=12pF 




30 
60 
180 
30 




MS 



VSETI, VsET2 



% 



V- 



-^ 



—*'— tH2r t§H2d— * ^-- 



3- 



^\P 



-1.6V 

-1.0V 

-V+ (5V) 

-GND 

-V* <5V) 

>GNO 

-V+ (5V) 

-GND 

-V+(5V) 

-GND 



Figure 3: Switching Waveforms 
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Figure 4: Test Circuits 
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ICL7665 

TYPICAL PERFORMANCE CHARACTERISTICS 
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DETAILED DESCRIPTION 

As shown in the Functional Diagram, the ICL7665 con- 
sists of two comparators which compare input voltages on 
the SET1 and SET2 terminals to an internal 1.3V band-gap 
reference. The outputs from the two comparators drive 
open-drain N-channel transistors for OUT1 and 0UT2, and 
open-drain P-channel transistors for HYST1 and HYST2 
outputs. Each section, the Under- Voltage Detector and the 
Over-Voltage Detector, is independent of the other, al- 
though both use the internal 1.3V reference. The offset 
voltages of the two comparators will normally be unequal, 
so VsETl will generally not quite equal Vset2- 

The input Impedances of the SET1 and SET2 pins are 
extremely high, and for most practical applications can be 
ignored. The four outputs are open-drain MOS transistors, 
and when ON behave as low resistance switches to their 
respective supply rails. This minimizes errors in setting-up 
the hysteresis, and maximizes the output flexibility. The 
operating currents of the bandgap reference and the 
comparators are around lOOnA each. 

PRECAUTIONS 

Junction-isolated CMOS devices like the ICL7665 have 
an inherent SCR or 4-layer PNPN structure distributed 
throughout the die. Under certain circumstances, this can 



be triggered into a potentially destructive high-current 
mode. This latchup can be triggered by fon/vard-biasing an 
input or output with respect to the power sujDply, or by 
applying excessive supply voltages. In very-low current 
analog circuits, such as the ICL7665, this SCR can also be 
triggered by applying the input power supply extremely 
rapidly ("instantaneously"), e,g. through a low impedance 
battery and an ON/OFF switch with short lead lengths. The 
rate-of-rise of the supply voltage can exceed 100V/ jus in 
such a circuit. A low-impedance capacitor (e.g. O.OSjliF disc 
ceramic) between the V"*" and GrouND pins of the ICL7665 
can be used to reduce the rate-of-rise of the supply voltage 
in battery applications. In line-operated systems, the rate- 
of-rise of the supply Is limited by other considerations, and 
Is normally not a problejn. 

If the SET voltages must be applied before the supply 
voltage V "'' , the input current should be limited to less than 
0.5mA by appropriate external resistors, usually required for 
voltage setting anyway. A similar precaution should be 
taken with the outputs if it is likely that they will be driven by 
other circuits to levels outside the supplies at any time. See 
M011 for some other protection ideas. 
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(b) Transfer Characteristics 



Figure 5: Simple Threshold Detector 



Figure 5 shows the simplest connection of the ICL7665 
for threshold detection. From the graph (b), it can be seen 
that at low input voltages 0UT1 is OFF, or high, while 0UT2 
is ON, or low. As the input rises (e.g. at power-on) toward 
Vnom (usually the eventual operating voltage), 0UT2 goes 
high on reaching Vtr2- If the voltage rises above Vnom as 
much as Vjri, 0UT1 goes low. The equations giving 
VsETl and VsET2 are, from Figure 1(a): 



VSET1 = V|N- 



R11 



VsET2 = V|N- 



R12 



(R11+R21) (R12 + R22) 

Since the voltage to trip eaqh comparator is nominally 
1.3V, the value of V|n for each trip point can be found from 

(R11+R21) ^^ (R11+R21), , , , , 
Vtri = Vseti r = 1-3 z for detector 1 



R11 



R11 



and 



VtR2 = VsET2 



(Ri2 + R22) ^g(Rl2 + R22) 



for detector 2. 



R12 R12 

Either detector may be used alone, as well as both 
together, in any of the circuits shown here. 

When ViN is very close to one of the trip voltages, normal 
variations and noise may cause it to wander back and forth 
across this level, leading to erratic output ON and OFF 



conditions. The addition of hysteresis, making the trip points 
slightly different for rising and tailing inputs, will avoid this 
condition. 

Figure 6(a) shows how to set up such hysteresis, while 
Figure 6(b) shows how the hysteresis around each trip point 
produces switching action at different points depending on 
whether V|n is rising or falling (the arrows indicate direction 
of change). The HYST outputs are basically switches which 
short out R31 or R32 when V|n is above the respective trip 
point. Thus if the input voltage rises from a low value, the 
trip point will be controlled by Rin, R2n and Ran, until the 
trip point is reached. As this value is passed, the detector 
changes state, Rsn is shorted out, and the trip point 
becomes controlled by only Rin and R2n, a lower value. 
The input will then have to fall to this new point to restore 
the initial comparator state, but as soon as this occurs, the 
trip point will be raised again. 

An alternative circuit for obtaining hysteresis is shown in 
Figure 7. In this configuration, the HYST pins put the extra 
resistor in parallel with the upper setting resistor. The values 
of the resistors differ, but the action is essentially the same. 
The governing equations are given in Table 1 . These ignore 
the effects of the resistance of the HYST outputs, but these 
can normally be neglected if the resistor values are above 
about lOOkH. 
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Figure 7: An Alternative Hysteresis Circuit 



Table 1. Set-Point Equations 



a) NO HYSTERESIS 

R11 +R21 

Over-Voltage Vtrip = — x Vseti 

R11 

R12 + R22 

Under- Voltage Vjrip = x VseT2 

R12 



b) HYSTERESIS PER FIGURE 6A 

R11 +R21 +R31 

VU1 = X VsET1 

Over-Voltage Vjrip ^^^ 

R11 + R21 ^, 

Vu^ xVsETI 

R11 

R12 + R22 + R32 ,, 

VU2 = X VsET2 

Under- Voltage Vtrip ^^^ 

R12 + R22 

Vl2 = — r X VsET2 

R12 



0) HYSTERESIS PER FIGURE 


7 
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ICL7665B ADDENDUM TO THE ICL7665 DATASHEET 

This Addendum to the standard ICL7665B datasheet ORDERING INFORMATION 

describes changes and/or modifications to the DC Operat- 
ing characteristics applicable to the ICL7665B device. The 
following table Indicates those limits to which the ICL7665B 
is tested and/or guaranteed operational. 



S 



PART NUMBER 


TEMPERATURE 
RANGE 


PACKAGE 


ICL7665BCPA 

ICL7665BCTV 

ICL7665B/D 

ICL7665BCJA 

ICL7e65BCBA 


to +70''C 
to + 70°C 

to + 70°C 
to +70"C 


8 Lead MiniDIP 
8 Lead TO-99 
DICE Only 
8-Lead Cerdip 
8-Lead S.O.I.C. 



ABSOLUTE MAXIMUM RATINGS, ICL7665B 

Supply Voltage -0.3V to +12V 

Output Voltages 0UT1 and 0UT2 (with respect to 

GND) (Note 2) -0.3V to +12V 

Output Voltages HYST1 and HYST2 (with respect to 

V + ) (Note 2) + 0.3V to -12V 

Input Voltages SET1 and SET2 

(Note 2) (GND -0.3V) to (V"*" +0.3V) 



Maximum Sink Output Current 0UT1 and OUT2...25mA 
Maximum Source Output Current HYST1 

and HYST2 -25mA 

Power Dissipation (Note 1) 200mW 

Operating Temperature Range to +70°C 

Storage Temperature Range -55°C to +125°C 



stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 

DC OPERATING CHARACTERISTICS V+ =5V, Ta= +25*'C. unless otherwise specified. 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


LIMITS 


UNITS 


MIN 


TYP 


MAX 


v+ 


Operating Supply Voltage 


Ta= +25°C 
0<Ta< +70°C 


1 6 
1.8 




10 

10 


V 


1+ 


Supply Current 


All Outputs Open Circuit 
V+ =2V 
V+ =9V 




2.5 
2.6 


10 
10 


HA 


VSET1 
VSET2 


Input Tnp Voltage 




1.15 
1.2 


1.3 
1.3 


145 
1.4 


V 


AVsET 
AT 


Temperature Coefficient 
of VsET 






±200 




ppm/°C 


AVsET - 
AVs 


Supply Voltage Sensitivity 
of VsETL VseT2 


Rqutl Rout2. Rhysti. RhYST2 = 1M^ 




004 




%/V 


Iqlk 
Ihlk 


Output Leakage Currents 
on OUT and HYST 


VsET = OV or VsET ^ 2V 




10 
-10 


200 
-100 


nA 


Iqlk 
Ihlk 


V "*" = 9V, Ta = 70°C 
V+ =9V, Ta = 70°C 






2000 
-500 


Vquti 

V0UT1 

Vquti 


Output Saturation Voltages 


V t = 2V, VsET1 = 2V. I0UT1 = 2mA 
V+ = 5V, VsET1 = 2V, I0UTI = 2mA 
V+ = 9V. VsET1 = 2V, I0UTI = 2mA 




0.2 
01 
0.06 


0.5 
0.3 
0.25 


V 


Vhysti 
Vhysti 
Vhysti 


Vr = 2V, VSET1 - 2V, IHYST1 = -0.5mA 
V! = 5V, VsET1 = 2V, IHYST1 = -0.5mA 
V+ = 9V, VsET1 = 2V, IhySTI = -0.5mA 




-0.15 
-0.05 
-0.02 


-0.3 
-0.15 
0.15 


V0UT2 
VOUT2 
V0UT2 


V + = 2V, VsET2 = OV. louT2 = 2mA 

V t = 5V, VsET2 = OV, I0UT2 = 2mA 

V + = 9V, VsET2 = OV, I0UT2 = 2mA 




0.2 
0.15 
0.11 


0.5 
0.3 
0.3 


VhYST2 
VhYST2 
VhYST2 


V;" =2V, VsET2 = 2V, lHYST2= -0.2mA 
VT = 5V, VsET2 = 2V. IHYST2 = -0.5mA 
V^ = 9V, VsET2 = 2V, IhyST2 = -0.5mA 




-0 25 
-0.43 
0.35 


-0.8 
-1 
-1 
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I ICL7665 

§ DC OPERATING CHARACTERISTICS (CONT.) 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


LIMITS 


UNITS 


MIN 


TYP 


MAX 


"SET 


VsET Input Leakage Current 


dND<VsET^V + 




0.01 


10 


nA 


AVsET 


AVsET Input for Cornplete 
Output Change 


R0UT"4.7kr2, RHYST = 20kJ2 
VoutLO = 1% V + . VoutHI » 99% V^ 




1 




mV 


VSET1-VSET2 


Difference in Trip Voltages 


Rout. RHYST = iMn 




±5 


±50 




Output/ Hysteresis Difference 


Rout. Rhyst-im« 




±1 





NOTES: 1. Derate above ±25'*C ambient temperature at 4mW/'*C. 

2. Due to tbe SCR structure inherent in the CMOS process used to fabricate these devices, connecting any terminal to voltages 
greater than (V'*' +0.3V) or less than (GND-0.3V) may cause destructive device latchup. For this reason, it is recommended 
that no inputs from external sources not operating from the same power supply be applied to the device before its supply is 
established, and that in multiple supply systems, the supply to the ICL7665B be turned on first. If this is not possible, currents 
into inputs and/or outputs must be limited to ± 0.5mA and voltages must not exceed those defined above. 
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ICL7667 

Dual Power 
MOSFET Driver 




SI 

0) 



GENERAL DESCRIPTION 

The ICL7667 Is a dual monolithic high-speed driver 
designed to convert TTL level signals into high current 
outputs at voltages up to 1 5V. Its high speed and 1 .5A peak 
current output enable it to drive large capacitive loads with 
high slew rates and low propagation delays. With an output 
voltage swing only millivolts less than the supply voltage 
and a maximum supply voltage of 1 5V, the ICL7667 is well 
suited for driving power MOSFETs in high frequency 
switched-mode power converters. The ICL7667's high cur- 
rent outputs (1.5A peak) minimize power losses in the 
power MOSFETs by rapidly charging and discharging the 
gate capacitance. The ICL7667's inputs are TTL compatible 
and can be directly driven by common pulse-width modula- 
tion control IC's. 



ORDERING INFORMATION 



PART 
NUAABER 


TEMPERATURE 
RANGE 


PACKAGE 


ICL7667MTV 
ICL7667MJA 


-55°C to +125°C 


TO-99 Can 
8-Pin Cerdip 


ICL7667CPA 
ICL7667CJA 
ICL7667CTV 


0°C to +70°C 


8-Pin Plastic 
8-Pin Cerdip 
TO-99 Can 


ICL7667/D 


— 


DICE** 



* Parameter Mm/Max Limits guaranteed at 25°C only for DICE orders 



FEATURES 

• 1.5A Peak Output Current 

• Fast Rise and Fall Times 

— 40ns With lOOOpF Load 

• Wide Supply Voltage Range 

— Vcc = 4.5 to 15V 

• Low Power Consumption 

— 4mW With Inputs Low 

— 120mW With Inputs High 

• TIL/CMOS Input Compatible Power Driver 

— Rout = 6^ 

• Direct Interface With Common PWM Control IC's 

• Pin Equivalent to DS0026/DS0056; TSC426 

TYPICAL APPLICATIONS 

• Switching Power Supplies 
» DC/DC Converters 

• Motor Controllers 
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H[ 
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Figure 1: Functional Diagram 
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302068-002 



s 



ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 15V 

Input Voltage 15V to (V" -0.3V) 

Peak Output Current 1.5A 

Package Dissipation, Ta = 25°C 500mW 

Linear Derating Factors 
TO-99 Pfastic Cerdip 

6.7mW/''C 5.6mW/°C 6.7mW/^C 

above 50"'C above 36X above50**C 



Storage Temperature -65°C to +150°C 

Operating Temperature Range 

ICL7667C 0°C to +70°C 

ICL7667M -55°C to +125°C 

Lead Temperature (Soldering, 10sec) pOO^'C 



stresses above those fisted under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 

ELECTRICAL CHARACTERISTICS (STATIC) 

Test Conditions: Vcc="t-5 to 15V, Ta= +25°C unless otherwise noted. 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


LIMITS 


UNIT 


MIN 


TYP 


MAX 


V|H 


Logic 1 input Voltage 




2.4 






V 


V|L 


Logic Input Voltage 








0.8 


V 


l|N 


Input Current 


< V|N < Vqc 


-1 





1 


mA 


VOH 


Output Voltage High 


No Load 


Vce 

^0.05 


vcc 




V 


Vol 


Output Voltage Low 


No Load 







0.05 


V 


Rout 


Output Resistance 


V|N==V|L 

l0UT= -10mA 

Vcc=15V 




6 


20 


n 


Rout 


Output Resistance 


V|N = V,H 

loUT = 10mA 

Vcc='15V 




6 


20 


. ^ 


Ice 


Power Supply Current 


V|N = 3V (both inputs) 




4 


6 


mA 


Ice 


Power Supply Current 


V|N =* OV (both inputs) 




150 


400 


mA 


ELECTRICAL CHARACTERISTICS (DYNAMIC) 

Test Conditions: Vqc = 1 5V, Ta = + 25°C, unless otherwise noted. 


SYMBOL 


PARAMETER 


TEST CONDITIONS 


LIMITS 


UNIT 


MIN 


TYP 


MAX 


Td2 


Delay Time 


Figure 3 




50 


75 


ns 


Tr 


Rise Tin^ 


Figure 3 




35 


50 


ns 


Tf 


Fall Time 


Figure 3 




40 


55 


ns 


Tdi 


Delay Time 


Figure 3 




20 


35 


ns 
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TYPICAL PERFORMANCE CHARACTERISTICS 

NOTE: With the ^0Q, resistor shorted (or removed), the rise, fall and delay times will be decreased by typically 10%. 

Rise and Fall Times vs Cl Tqi, Td2 vs Temperature Tr, Tp vs Temperature 
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g ICL7667 

§ TYPICAL PERFORMANCE CHARACTERISTrCS (CONT.) 

Delay and Fall Times vs Vcc 



Rise Time vs Vcc 
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DETAILED DESCRIPTION 

The ICL7667 is a dual high-power CMOS inverter whose 
inputs respond to TTL levels while the outputs can swing as 
high as 15V. Its 1.5A peak output current enables it to 
rapidly charge and discharge the gate capacitance of power 
MOSFETs, minimizing the switching losses in switchmode 
power supplies. Since the output stage is CMOS, the output 
will swing to within millivolts of both ground and Vcc without 
any external parts or extra power supplies as required by 
the DS0026/56 family. Although most specifications are at 
Vcc = 1 5V, the propagation delays and specifications are 
almost independent of Vcc- 

In addition to power MOS drivers, the ICL7667 is well 
suited for other applications such as bus, control signal, and 
clock drivers on large memory of microprocessor boards, 
where the load capacitance is large and low propagation 
delays are required. Other potential applications include 
peripheral power drivers and charge-pump voltage invert- 
ers. 
INPUT STAGE 

The input stage is a large N-channel FET with a P- 
channel constant-current source. This circuit has a thresh- 
old of about 1.5V, relatively independent of the Vcc 
voltage. This means that the inputs will be directly compati- 
ble with TTL over the entire 4.5- 15V Vcc range. Being 
CMOS, the inputs draw less than 1 juA of current over the 
entire input voltage range of ground to Vcc- The quiescent 
current or no load supply current of the ICL7667 is affected 
by the input voltage, going to nearly zero when the inputs 
are at the logic level and rising to 6mA maximum when 
both inputs are the 1 logic level. A small amount of 
hysteresis, about 50-100mV at the input, is generated by 
positive feedback around the second stage. 
OUTPUT STAGE 

The ICL7667 output is a high-power CMOS inverter, 
swinging between ground and Vcc- At Vcc = 1 5V, the 
output impedance of the inverter is typically 6^, with a peak 
current output of typically 1.5A. It is this high peak current 
capability that enables the ICL7667 to drive a 1 0OOpF load 
with a rise time of only 40ns. Because the output stage 
impedance is very low, up to 300mA will flow through the 
series N- and P-channel output devices (from Vcc to 
ground) during output transitions. This crossover current is 



responsible for a significant portion of the internal power 
dissipation of the ICL7667 at high frequencies. It can be 
minimized by keeping the rise and fall times of the input to 
the ICL7667 below Ijus. 

APPLICATION NOTES 

Although the ICL7667 is simply a dual level-shifting 
inverter, there are several areas to which careful attention 
must be paid. 
GROUNDING 

Since the input and the high current output current paths 
both include the ground pin, it is very important to minimize 
any common impedance in the ground return. Since the 
ICL7667 is an inverter, any common impedance will gener- 
ate negative feedback, and will degrade the delay, rise and 
fall times. Use a ground plane if possible, or use separate 
ground returns for the input and output circuits. To minimize 
any common inductance in the ground return, separate the 
input and output circuit ground returns as close to the 
ICL7667 as is possible. 
BYPASSING 

The rapid charging and discharging of the load capaci- 
tance requires very high current spikes from the power 
supplies. A parallel combination of capacitors that has a low 
impedance over a wide frequency range should be used. A 
4.7/LiF tantalum capacitor in parallel with a low inductance 
0.1 mF capacitor is usually sufficient bypassing, 
OUTPUT DAMPING 

Ringing is a common problem in any circuit with very fast 
rise or fall times. Such ringing will be aggravated by long 
inductive lines with capacitive loads. Techniques to reduce 
ringing include: 

1) Reduce inductance by making printed circuit board 
traces as short as possible. 

2) Reduce inductance by using a ground plane or by 
closely coupling the output lines to their return 
paths. 

3) Use a 1 to 30^2 resistor in series with the output of 
the ICL7667. Although this reduces ringing, it will 
also slightly increase the rise and fall times. 

4) Use good bypassing techniques to prevent ringing 
caused by supply voltage ringing. 
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ICL7667 

POWER DISSIPATION 

The power dissipation of the ICL7667 has three main 
components: 

1) Input inverter current loss 

2) Output stage crossover current loss 

3) Output stage I^R power loss 

The sum of the above must stay within the specified limits 
for reliable operation. 

As noted above, the input inverter current is input voltage 
dependent, with an Ice of 0.2mA maximum with a logic 
input and 6mA maximum with a logic 1 input. 

The output stage crowbar current is the current that flows 
through the series N- and P-channel devices that form the 
output. This current, about 300mA, occurs only during 
output transitions. Caution: The inputs should never be 
allowed to remain between V|l and Vm since this could 
leave the output stage in a high current mode, rapidly 
leading to destruction of the device. If only one of the 
drivers is being used, be sure to tie the unused input to a 
ground. NEVER leave an input floating. The average supply 
current drawn by the output stage is frequency dependent, 
as can be seen in Ice vs. Frequency graph in the Typical 
Characteristics Graphs. 

The output stage I^R power dissipation Is nothing more 
than the product of the output current times the voltage 
drop across the. output device. In addition to the current 
drawn by any resistive load, there will be an output current 
due to the charging and discharging of the load capaci- 
tance. In most high frequency circuits the current used to 
charge and discharge capacitance dominates, and the 
power dissipation is approximately 

Pac = CVcc^f 

Where C = Load Capacitance 
f = Frequency 
In cases where the load is a power MOSFET and the 
gate drive requirements are described in terms of gate 
charge, the ICL7667 power dissipation will be 

Pac = QcVccf 

Where Qq = Charge required to switch the gate, in 
Coulombs, 
f = Frequency 

POWER MOS DRIVER CIRCUITS 

POWER MOS DRIVER REQUIREMENTS 

Because it has a very high peak current output, the 
ICL7667 excels at driving the gate of power MOS devices. 
The high current output is important since it minimizes the 
time the power MOS device Is in the linear region. Figure 5 
is a typical curve of charge vs. gate voltage for a power 
MOSFET. The flat region is caused by the Miller capaci- 
tance, where the drain-to-gate capacitance is multiplied by 
the voltage gain of the FET. This increase in capacitancfe 
occurs while the power MOSFET is in the lineaf region and 



is dissipating significant amounts of power. The very high 
current output of the ICL7667 is able to rapidly overcome 
this high capacitance and quickly turns the MOSFET fully 
on or off. 
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DIRECT DRIVE OF MOSFETs 

Figure 6 shows interfaces between the ICL7667 and 
typical switching regulator ICs. Note that unlike the DS0026, 
the ICL7667 does not need a dropping resistor and speed- 
up capacitor between it and the regulator IC. The ICL7667, 
with Its high slew rate and high voltage drive can directly 
drive the gate of the MOSFET. The 1527 IC is the same as 
the 1525 IC, except that the outputs are Inverted. This 
inversion is needed since ICL7667 is an inverting buffer. 

TRANSFORMER COUPLED DRIVE OF MOSFETs 

Transformers are often used for isolation between the 
logic and control section and the power section of ^ 
switching regulator. The high output drive capability of the 
ICL7667 enables it to directly drive such transformers. 
Figure 7 shows a typical transformer coupled drive circuit. 
PWM ICs wifh either active high or active low outputs can 
be used in this circuit, since any inversion required can be 
obtained by reversing the windings on the secondaries. 

BUFFERED DRIVERS FOR MULTIPLE 
MOSFETs 

In very high power applications which use a group of 
MOSFETs in parallel, the input capacitance may be very 
large and it can be difficult to charge and discharge quickly. 
Figure 8 shows a circuit which works very well with very 
large capacitance loads. When the input of the driver Is 
zero, 01 is held in conduction by the lower half of the 
ICL7667 and 02 is clamped off by 01 . When the input goes 
positive, 01 is turned off and a current pulse is applied to 
the gate of 02 by the upper half of the ICL7667 through the 
transformer, T1. After about 20ns, T1 saturates and 02 is 
held on by its own Cgs and the bootstrap circuit of CI, D1 
and R1. This bootstrap circuit may not be needed at 
frequencies greater than 10kHz since the input capacitance 
of 02 discharges slowly. 
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OTHER APPLICATIONS 

RELAY AND LAMP DRIVERS 

The ICL7667 is suitable for converting low power TTL or 
CMOS signals into high current, high voltage outputs for 
relays, lamps and other loads. Unlike many other level 
translator/driver ICs, the ICL7667 will both source and sink 
current. The continuous output current is limited to 200mA 
by the I^R power dissipation in the output FETs. 
CHARGE PUMP OR VOLTAGE INVERTERS AND 
DOUBLERS 

The low output impedance and wide Vcc range of the 
ICL7667 make It well suited for charge pump circuits. Figure 



9 shows a typical charge pump voltage inverter circuit and a 
typical performance curve. A common use of this circuit is 
to provide a low current negative supply for analog circuitry 
or RS232 drivers. With an input voltage of + 1 5V, this circuit 
will deliver 20mA at -12.6V. By increasing the size of the 
capacitors, the current capability can be increased and the 
voltage loss decreased. The practical range of the input 
frequency is 500Hz to 250kHz. As the frequency goes up, 
the charge pump capacitors can be made smaller, but the 
internal losses in the ICL7667 will rise, reducing the circuit 
efficiency. 

Figure 10, a voltage doubler, is very similar in both 
circuitry and performance. A potential use of Figure 8 would 
be to supply the higher voltage needed for EEPROM or 
EPROM programming. 
CLOCK DRIVER 

Some microprocessors (such as the 68XX and 65XX 
families) use a clock signal to control the various LSI 
peripherals of the family. The ICL7667's combination of low 
propagation delay, high current drive capability and wide 
voltage swing make it attractive for this application. Al- 
though the ICL7667 is primarily intended for driving power 
MOSFET gates at 1 6V, the ICL7667 also works well as a 5V 
high-speed buffer. Unlike standard 4000 series CMOS, the 
ICL7667 uses short channel length FETs and the ICL7667 
is only slightly slower at 5V than at 15V. 
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ICL7673 

Automatic Battery 
Back-up Switch 
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GENERAL DESCRIPTION 

The Intersil ICL7673 is a monolithic CMOS battery 
backup circuit that offers unique performance advantages 
over conventional means of switching to a backup supply. 
The ICL7673 is intended as a low-cost solution for the 
switching of systems between two power supplies; main 
and battery backup. The main application is keep-alive- 
battery power switching for use in volatile CMOS RAM 
memory systems and real time clocks. In many applications 
this circuit will represent a low insertion voltage loss 
between the supplies and load. This circuit features low 
current consumption, wide operating voltage range, and 
exceptionally low leakage between inputs. Logic outputs 
are provided that can be used to indicate which supply is 
connected and can also be used to increase the power 
switching capability of the circuit by driving external PNP 
transistors. 

The ICL7673 is available in either an 8-pln plastic minidip 
package, a TO-99 metal can, or as dice. 



ORDERING INFORMATION 



FEATURES 

• Automatically Connects Output to The Greater 
Of Either Input Supply Voltage 

• If Main Power to External Equipment Is Lost, 
Circuit Will Automatically Connect Battery 
Backup 

• Reconnects Main Power When Restored 

• Logic Indicator Signaling Status Of Main Power 

• Low Impedance Connection Switches 

• Low Internal Power Consumption 

• Wide Supply Range: 2.5 to 15 Volts 

• Low Leakage Between Inputs 

• External Transistors May Be Added If Very 
Large Currents Need to Be Switched 

APPLICATIONS 

• On Board Battery Backup for Real-Time Clocks, 
Timers, or Volatile RAMs 

• Over/Under Voltage Detector 

• Peak Voltage Detector 

• Other Uses: 

-Portable Instruments, Portable Telephones, Line 
Operated Equipment , 



PART NUMBER 


TEMPERATURE RANGE 


PACKAGE 


iCL7673CPA 


0°C to +70°C 


8-pin minidip 


ICL7673CBA 


0°C to +70*»C 


8-pin SOIC 


ICL7673ITV 


-25°C to +85°C 


8-pin TO-99 


ICL7673/D 


__ 


DICE ONLY** 



•Parameter Mm/Max Limits guaranteed at 25°C only for DICE orders. 
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Vp > Vs, Pi SWITCH ON AND Pbar SWITCH ON 
Vs > Vp, P2 SWITCH ON AND Sbar SWITCH ON 

Figure 1: Functionial Diagram 
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ICL7673 

ABSOLUTE MAXIMUM RATINGS 

Input Supply (Vp or Vs) Voltage -0.3 to +18V 

Output Voltages Pbar and Sbar -0.3 to +18V 

Peak Current 

Input Vp (@ Vp = 5V) (note 1) 38mA 

Input Vs (@ Vs = 3V) 30mA 

Pbar or Sbar 150mA 

Continuous Current 

Input Vp (@ Vp = 5V) (note 1) 38mA 

Input Vs (@ Vs = 3V) 30mA 

Pbar or Sbar-- - 50mA 



Package Dissipation 300mW 

Linear Derating Factors 
TO-99 PLASTIC 

5.7mW/°C 6.1mW/°C 

above 50*^0 above 36°C 

Operating Temperature Range: 

ICL7673CPA/CBA 0°C to +70°C 

ICL7673ITV -25°C to +85°C 

Storage Temperature -65°C to +150°C 

Lead Temperature (Soldenng, lOsec) 300X 

Note 1. Derate above ZS^C by 0.38mA/°C. 

Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to 
absolute maximum rating cohditions for extended periods may affect device reliability. 
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ELECTRICAL CHARACTERISTICS (Ta = 25''C unless othen^^ise specified) 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


Vp 


INPUT VOLTAGE 


Vs = volts 
1 load = 0mA 


2.5 


_ 


15 


V 


Vs 


Vp = volts 
1 load = 0mA 


2.5 


_ 


15 


1 + 


QUIESCENT SUPPLY 
CURRENT 


Vp *= volts 
Vs = 3 volts 
1 load = 0mA 




1.5 


5 


mA 


Rds(on)Pi 


SWITCH RESISTANCE 

P1 

(NOTE 2) 


Vp = 5 volts 
Vs = 3 volts 
1 load = 15mA 




8 


15 


n 


@ Ta = 85**C 


- 


16 


- 


Vp = 9 volts 
Vs = 3 volts 
1 load = 15mA 




6 




n 


Vp = 12 volts 
Vs = 3 volts 
1 load =f 1 5mA 




5 




Q, 


TC(P1) 


TEMPERATURE COEFFICIENT 
OF SWITCH RESISTANCE P1 


Vp = 5 volts 
Vs = 3 volts 
1 load = 15mA 




2.03 




%rc 
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ICL7673 

ELECTRICAL CHARACTERISTICS (CONT.) 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


Rds(on)P2 


SWITCH RESISTANCE 

P2 

(NOTE 2) 


Vp = volts 
Vs = 3 volts 
1 load = 1mA 




40 


100 


^ 


@ Ta = SS'C 


- 


60 


- 


Vp = volts 
Vs = 5 volts 
1 load = 1mA 




26 




a 


Vp = volts 
Vs = 9 volts 
1 load = 1mA 




16 




^ 


Tc(P2) 


TEMPERATURE COEFFICIENT 
OF SWITCH RESISTANCE P2 


Vp = volts 
Vs = 3 volts 
1 load = 1mA 




0.7 




%rc 


IL(PS) 


LEAKAGE CURRENT 
(Vp to Vs) 


Vp = 5 volts 
Vs = 3 volts 
1 load = 10mA 




0.01 


20 


nA 


@ Ta = 85°C 


- 


35 


- 


Il(SP) 


LEAKAGE CURRENT 
(Vs to Vp) 


Vp = volts 
Vs = 3 volts 
1 load = 1mA 




0.01 


50 


nA 


@ Ta = 85X 


- 


120 


- 


Vo Pbar 


OPEN DRAIN OUTPUT 
SATURATION VOLTAGES 


Vp = 5 volts 
Vs = 3 volts 
1 sink = 3.2mA 
1 load = 0mA 




85 


400 


mV 


@ Ta = 85"C 


- 


120 


- 


Vp = 9 volts 
Vs = 3 volts 
1 sink = 3.2mA 
1 load = 0mA 




50 




mV 


Vp = 12 volts 
Vs = 3 volts 
1 sink = 3.2mA 
1 load = 0mA 




40 




mV 


Vo Sbar 


Vp = volts 
Vs = 3 volts 
1 sink = 3.2mA 
1 load = 0mA 




150 


400 


mV 


@ Ta = 85*'C 


- 


210 


- 


Vp = volts 
Vs = 5 volts 
1 sink = 3.2mA 
1 load = 0mA 




85 




mV 


Vp = volts 
Vs = 9 volts 
1 sink = 3.2mA 
1 load = 0mA 




50 




mV 



•a 
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ELECTRICAL CHARACTERISTICS (CONT.) 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


•l Pbar 
'l Sbar 


OUTPUT LEAKAGE 

CURRENTS 

OF Pbar AND Sbar 


Vp = volts 
Vs=15 volts 
1 load = 0mA 




50 


500 


nA 


@ Ta = 85X 


- 


900 


- 


Vp=15 volts 
Vs = volts 
1 load = 0mA 




50 


500 


nA 


@ Ta = es'^c 


- 


900 


- 


Vp - Vs 


SWITCHOVER UNCERTAINTY 
FOR COMPLETE SWITCHING 
OF INPUTS AND OPEN 
DRAIN OUTPUTS. 


Vs = 3 volts 
1 sink = 3.2mA 
1 load = 0mA 


_ 


5 


50 


mV 



NOTE 2. The minimum input to output voltage can be determined by multiplying the load current by the switch resistance. 

TYPICAL PERFORMANCE CHARACTERISTICS 



ON-RESISTANCE SWITCH P1 AS A FUNCTION OF 
INPUT VOLTAGE Vp 
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ON-RESISTANCE SWITCH P2 AS A FUNCTION OF 
INPUT VOLTAGE Vs 
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ICL7673 

TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 



SUPPLY CURRENT AS A FUNCTION OF SUPPLY 
VOLTAGE 
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DETAILED DESCRIPTION 

As shown in the functional diagram (Figure 1), the 
iCL7673 includes a comparator which senses the input 
voltages Vp and Vs. The output of the comparator drives 
the first inverter and the open-drain N-channel transistor 
Pbar- The first inverter drives a large P-chanr»el switch, PI , a 
second inverter, and another open-drain N-channel transis- 
tor, Sbar- The second inverter drives another large P- 
channel switch P2. The ICL7673, connected to a main and 
a backup power supply, will connect the supply of greater 
potential to its output. The circuit provides break-before- 
make switch action as it switches from main to backup 
power in the event of a main power supply failure. For 
proper operation, inputs Vp and Vs must not be allowed to 
float, and, the difference in the two supplies must be greater 
than 50 millivolts. The leakage current through the reverse 
biased parasitic diode of switch P2 is very low. 

OUTPUT VOLTAGE 

The output operating voltage range is 2.5 to 1 5 volts. The 
insertion loss between either input and the output is a 
function of load current, input voltage, and temperature. 
This is due to the P-channels being operated in their thode 
region, and, the ON-resistance of the switches is a function 
of output voltage Vq. The ON-resistance of the P-channels 
have positive temperature coefficients, and therefore as 
temperature increases the insertion loss also increases. At 
low load currents the output voltage is nearly equal to the 
greater of the two inputs. The maximum voltage drop 
across switch PI or P2 is 0.5 volts, since above this voltage 
the body-drain parasitic diode will become fonA^ard biased. 
Complete switching of the Inputs and open-drain outputs 
typically occurs in 50 microseconds. 
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g ICLt673 

jJ INPUT VOLTAGE 

"" The input operating voltage range for Vp or Vs is 2.5 to 
15 volts. The input supply voltage (Vp or.Vs) slew rate 
should be limited to 2 volts per microsecond to avoid 
potential harm to the circuit. In line-operated systems, the 
rate-of-rise (or fall) of the supply is a function of power 
supply design. For battery applications it may be necessary 
to use a capacitor between the input and ground pins to 
limit the rate-of-rise of the supply voltage. A' low-impedance 
capacitor such as a 0.047mF disc ceramic can be used to 
reduce the rate-of-rise. 

STATUS INDICATOR OUTPUTS 

The N-channel open drain output transistors can be used 
to indicate which supply is connected, or can be used to 
drive external PNP transistors to increase the power 
switching capability of the circuit. When using external PNP 
power transistors, the output current is lirhited by the beta 
and thermal characteristics of the power transistors. The 
application section details the use of external PNP transis- 
tors. 

APPLICATIONS 

A typical discrete battery backup circuit is illustrated in 
Figure 3. This approach requires several components, 
substantial printed circuit board space, and high labor cost. 
It also consumes a fairly high quiescent current. The 
ICL7673 battery backup circuit, illustrated in Figure 4, will 
often replace such discrete designs and offer much better 
performance, higher reliability, and lower system manufac- 
turing cost. A trickle charge system could be implemented 
with an additional resistor and diode as shown in Figure 5. A 
complete low power AC to regulated DC system can be 
implemented using the ICL7673 and ICL7663 micropower 
. voltage regulator as shown in Figure 6. 
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Figure 3: Discrete Battery Backup Circuit 
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Figure 5: Application Requiring Rechargeable 
Battery Backup 



Applications for the ICL7673 include volatile semiconduc- 
tor memory storage systems, real-time clocks, timers, alarm 
systems, and over/under voltage detectors. Other systems 
requiring DC power when the master AC line supply fails 
can also use the ICL7673. 

A typical application, as illustrated in Figure 7, would be a 
microprocessor system requiring a 5 volt supply. In the 
event of primary supply failure, the system is powered 
down, and a 3 volt battery is employed to maintain clock or 
volatile memory data. The main and backup supplies are 
connected to Vp and Vs, with the circuit output Vq supplying 
power to the clock or volatile memory. The ICL7673 will 
sense the main supply, when energized, to be of greater 
potential than Vs and connect, via its internal MOS 
switches, Vp to output Vq. The backup input, Vs will be 
disconnected internally. In the event of main supply failure, 
the circuit will sense that the backup supply is now the 
greater potential, disconnect Vp from Vq, and connect Vs- 

Figure 8 illustrates the use of external PNP power 
transistors to increase the power switching capability of the 
circuit. In this application the output current is limited by the 
beta and thermal characteristics of the power transistors. 

If hysteresis is desired for a particular low power applica- 
tion, positive feedback can be applied between the input Vp 
and open drain output Sbar through a resistor as illustrated 
in Figure 9. For high power applications hysteresis can be 
applied as shown in Figure 10. 

The ICL7673 can also be used as a clipping circuit as 
illustrated in Figure 11. With high impedance ]oads the 
circuit output will be nearly equal to the greater of the two 
input signals. 
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Figure 6: Power Supply for Low Power Portable AC to DC Systems 
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ICL8013 

Four Quadrant 
Analog Multiplier 




GENERAL DESCRIPTION 

The ICL8013 is a four quadrant analog multiplier whose 
output is proportional to the algebraic product of two input 
signals. Feedback around an internal op-amp provides level 
shifting and can be used to generate division and square 
root functions. A simple arrangement of potentiometers 
may be used to trim gain accuracy, offset voltage and 
feedthrough performance. The high accuracy, wide band- 
width, and increased versatility of the ICL8013 make it ideal 
for all multiplier applications in control and instrumentation 
systems. Applications include RMS measuring equipment, 
frequency doublers, balanced modulators and demodula- 
tors, function generators, and voltage controlled amplifiers. 

ORDERING INFORMATION 



FEATURES 

• Accuracy of ±0.5% ("A" Version) 

• Full ±10V Input Voltage Range 

• 1MHz Bandwidth 

• Uses Standard ±15V Supplies 

• Built-in Op Amp Provides Level Shifting, Division 
and Square Root Functions 



PART 


MULTIPLICATION 


TEMPERATURE 


PACKAGE 


NUMBER 


ERROR 


RANGE 


ICL8013AM TZ 


±0.5% 




-55°C to +125X 




ICL8013BM TZ 


±1% 


MAX 


-SSX to +125°C 




ICL8013CM TZ 


±2% 




-55X to +125*'C 


10-LEAD 


ICL8013AC TZ 


±5% 


OX to +70X 


TO-100 


ICL8013BC TZ 


±1% MAX 


0*»C to +70*'C 




ICL8013CC TZ 


±2% 


0°C to +70*'C 




ICL8013/D 


±2% TYP 


— 


DICE** 



* Parameter Min/Max Limits guaranteed at 25°C only for DICE orders. 
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Figure 1: Functional Diagram (Multiplexer) 
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5 ICL8013 I 

2 ABSOLUTE MAXIMUM RATINGS 

Supply Voltage ±18V Operating Temperature Range: 

Power Dissipation (Note 1) 500mW ICL8013XC O^'C to +70X 

Input Voltages ' > ICL8013XM -55°C to +125°C 

(XjN. Y|N, ZjN, Xos. Yos. Zqs) VsuPPLY Storage Temperature Range -65X to +150X 

Lead Temperature (Soldering, 10sec) 300°C 

NOTE 1: Derate at 6.8mW/°C for operation at ambient temperature above ZS^C. 

Stresses above those listed under Absolute Maximum, Ratings may cause permanent damage to the device. These are stress ratings only, and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 



ELECTRICAL CHARACTERISTICS (Unless othen^ise specified Ta = 
Potentiometers Externally Trimmed) 



25°C, VsuPPLY===±15V, Gain and Offset 







TEST CONDITIONS 


ICL8013A 


ICL8013B 


ICL8013C 


UNIT 


PARANit 1 tn 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


Multiplier Function 






XY 

To 






XY 

To 






XY 
10 






Multiplication Error 


-10<X<10 
-10<Y<10 






0.5 






1.0 




2.0* 


2.0 


% Full Scale 


Divider Function 






10Z 
X 






10Z 
~X~ 






10Z 






Division Error 


X=-10 
X=-1 




0.3 
1.5 






0.3 

1.5 






0.3 
1.5 




% Full Scale 
% Full Scale 


Feedthrough 


X = Y = 20Vp.p f = 50Hz 
Y = X = 20Vp.p f = 50Hz 






50 
50 






100 
100 




200* 
150* 


200 
150 


mVp.p 
mVp.p 


Non-Lineanty 


X Input 


X = 20Vp.p 
Y = ±10Vdc 




±0.5 






±0.5 






±0.8 




% 


Y Input 


Y = 20Vp.p 
X = ±10Vdc 




±0.2 






±0.2 






±0.3 




% 


Frequency Response 

Small Signal Bandwidth (-3dB) 






1.0 






1.0 






1.0 




MHz 


Full Power Bandwidth 






750 






750 






750 




kHz 


Slew Rate 






45 






45 






45 




V/jus 


1% Amplitude Error 






75 






75 






75 




kHz 


1% Vector Error 
(0.5° Chase Shift) 






5 






5 






5 




kHz 


Settling Time 

(to ±2% of Final Value) 

Overload Recovery 

(to ±2% of Final Value) 


V|N = ±10V 




1 ' 
1 






1 

1 






1 
1 




MS 

jUS 


Output Noise 


5 Hz to 10 kHz 
5 Hz to 5 MHz 




0.6 
3 






0.6 
3 






0.6 
3 




mV rms 
mV rms 


Input 
Resistance 


X Input 






10 






10 






10 




M^ 


Y Input 






6 






6 






6 




M^ 


Z Input 






36 






36 






36 




ka 


Input Bias 
Current 


X or Y Input 






2 


5 






7.5 






10 


juA 


Z Input 






25 






25 






25 




ma 


Power 

Supply 
Variation 


Multiplication 
Error 






02 






0.2 






0.2 




%/% 


Output Offset 








50 






75 






100 


mV/V 


Scale Factor 






01 






0.1 






01 




%/% 


Quiescent Current 






3.5 


6.0 




3.5 


6.0 




3.5 


60 


mA 
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ICL8013 

ELECTRICAL CHARACTERISTICS (CONT.) 







TEST CONDITIONS 


ICL8013A 


ICL8013B 


ICL8013C 


UNIT 


PARAMc 1 en 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


THE FOLLOWING SPECIFICATIONS APPLY OVER THE OPERATING TEMPERATURE RANGES 


Multiplication 
Error 


-10V<X|N<10V, 
-10V<Y|N<10V 




1.5 






2 






3 




% Full Scale 


Average 

Temperature 

Coefficients 


Accuracy - 






06 






0.06 






0.06 




%rc 


Output Offset 






0.2 






0.2 






0.2 




mV/°C 


Scale Factor 






0.04 






0.04 






0.04 




%/°C 


Input Bias 
Current 


X or Y Input 








5 






5 






10 


ma 


Z Input 








25 






25 






35 


mA 


Input Voltage (X, Y, or Z) 








±10 






±10 






±10 


V 


Output Voltage Swing 


Rl > 2k^ 
CL<1000pF 




±10 






±10 






±10 




V 



*Dice only 





Rl| |rl 


>--"H 


ViN 1 , 


r" 




o 

i 


fcr 


i 

V" 

LC00960I 

Figure 3: Differential Amplifier 
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Figure 4: Transconductance Multiplier 



DETAILED DESCRIPTION 

The fundamental element of the ICL8013 multiplier is the 
bipolar differential amplifier of Figure 3. 



The small signal differential voltage gain of this circuit is 
given by 



Av = 



Vqut , 

V|N ' 



Rl 

re 



1 kl 

Substituting re = — = — 

Qm qlE 



VoUT 



Rl 

= V|N— = V|N 
i-e 



qJE Rl 
kT 



The Output voltage is thus proportional to the product of 
the input voltage V|n and the emitter current Ie- In the 
simple transconductance multiplier of Figure 4, a current 
source comprising Q3, Di, and Ry is used. If Vy is large 
compared with the drop across Di, then 

Vy 
Id ::^ — = 2Ie and 
Ry 



V0UT = 



qRL 
klRy 



(Vx • Vy) 



There are several difficulties with this simple modulator: 

1: Vy must be positive and greater than Vp. 

2: Some portion of the signal at Vx will appear at the 
output unless Ie = 0. 

3: Vx must be a small signal for the differential pair to 
be linear. 

4: The output voltage is not centered around ground. 

The first problem relates to the method of converting the 
Vy voltage to a current to vary the gain of the Vx differential 
pair. A better method, Figure 5, uses another differential 
pair but with considerable emitter degeneration. In this 
circuit the differential input voltage appears across the 
common emitter resistor, producing a current which adds or 
subtracts from the quiescent current in either collector. This 
type of voltage to current converter handles signals from 
volts to ±10 volts with excellent linearity. 



00 

o 

dll 
CO 
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Figure 5: Voltage to Current Converter 



The second problem is called feedthrough; i.e. the 
product of zero and some finite input signal does not 
produce zero output voltage. The circuit whose operation is 
illustrated by Figures 6A, B, and C overcomes this problem 
and forms the heart of many multiplier circuits in use today. 

This circuit is basically two matched differential pairs with 
cross coupled collectors. Consider the case shown in 6A of 
exactly equal current sources biasing the two pairs. With a 
small positive signal at V|n, the collector current of Qi and 
Q4 will increase but the collector currents of Q2 and Q3 will 
decrease by the same amount. Since the collectors are 
cross coupled the current through the load resistors re- 
mains unchanged and independent of the V|n input voltage. 



Rl^JIe 



o— ^ — n>i Q2 




f-— o ^VOUT = 



t 



81'^ 



Figure 6A: Input Signal with Balanced 
Current Sources AVouT = OV 



In Figure 6B, notice that with Vjn = any variation in the 
ratio of biasing current sources will produce a common 
mode voltage across the load resistors. The differential 
output voltage will remain zero. In Figure 6C we apply a 
differential input voltage with unbalanced current sources. If 
Iei is twice Ie2. th6 gain of differential pair Qi and Q2 is 
twice the gain of pair Q3 and Q4. Therefore, the change in 
cross coupled collector currents will be unequal and a 



differential output voltage will result. By replacing the 
separate biasing current sources with the voltage to current 
converter of Figure 5 we have a balanced multiplier circuit 
capable of four quadrant operation (Figure 7). 
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Figure 6B: No Input Signal with 

Unbalanced Current Sources 

AVouT = OV 




'^ 



Ai'^ 



Figure 6C: Input Signal with 

Unbalanced Current Sources, 

Differential Output Voltage 
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ICL8013 



This circuit of Figure 7 still has the problem that the input 
voltage V|n must be small to keep the differential amplifier 
in the linear region. To be able to handle large signals, we 
need an amplitude compression circuit. 



nL< 



AV = K • (Vx«Vy) 




O » fQ^ Q2J m rQ3 Q4J 1 
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Figure 7: Typical Four Quadrant 
iyiuitiplier-l\/lodulator 




Figure 8A: Current Gain Cell 




^_J 



Figure 8B: Voltage Gain with 
Signal Compression 



Figure 5 showed a current source formed by relying on 
the matching characteristics of a diode and the emitter base 
junction of a transistor. Extension of this idea to a differen- 
tial circuit is shown in Figure 8A. In a differential pair, the 
input voltage splits the biasing current in a logarithmic ratio. 
(The usual assumption of linearity is useful only for small 
signals.) Since the input to the differential pair in Figure 8A 
is the difference in voltage across the two diodes, which in 
turn is proportional to the log of the ratio of drive currents, it 
follows that the ratio of diode currents and the ratio of 
collector currents are linearly related and independent of 
amplitude. If we combine this circuit with the voltage to 
current converter of Figure 5, we have Figure 8B. The 
output of the differential amplifier is now proportional to the 
input voltage over a large dynamic range, thereby improving 
linearity while minimizing drift and noise factors. 

The complete schematic is shown in Figure 9. The 
differential pair Q3 and Q4 form a voltage to current 
converter whose output is compressed in collector diodes 
Ql and Q2. These diodes drive the balanced cross-coupled 
differential amplifier Qy/Qe Q14/Q15. The gain of these 
amplifiers is modulated by the voltage to current converter 
Qg and Q10. Transistors 65, Qe, Qi 1, and Q12 are constant 
current sources which bias the voltage to current converter. 
The output amplifier comprises transistors Q16 through 
Q27- 
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Figure 9: ICL8013 Schematic 



MULTIPLICATION 

In the standard multiplier connection, the Z terminal is 
connected to the op amp output. All of the modulator output 
current thus flows through the feedback resistor R27 and 
produces a proportional output voltage. 



signal and adjusting Gain control for 
(Output - Y|n) = Zero. 
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Figure 10 A: l\/lultiplier Block Diagram 
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Figure 10B: Actual Circuit Connection 



Multiplier Trimming Procedure 



Set X|N = Y|N = OV and adjust Zqs ^or zero Output. 
Apply a ±10V low frequency ( < 100Hz) sweep (sine 
or triangle) to Y|n with X|n = OV, and adjust Xqs for 
minimum output. 

Apply the sweep signal of Step 2 to X|n with 
YlN = OV and adjust Yqs for minimum Output. 
Readjust Zqs as in Step 1, if necessary. 
With X|N = 10.0V DC and the sweep signal of Step 2 
applied to Y|n, adjust the Gain potentiometer for 
Output = Y|N. This is easily accomplished with a 
differential scope plug-in (A + B) by inverting one 



DIVISION 

If the Z terminal is used as an input, and the output of the 
op-amp connected to the Y Input, the device functions as a 
divider. Since the input to the op-amp is at virtual ground, 
and requires negligible bias current, the overall feedback 
forces the modulator output current to equal the current 
produced by Z. 



Therefore Io = X|n'Y|n 
Since Y|n = Equt. Equt 



Z|N 
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10Z|N 

lOZiN 
X|N 
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Note that when connected as a divider, the X input must 
be a negative voltage to maintain overall negative feed- 
back. 
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Figure 11 A: Division Block Diagram 
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Figure 11B: Actual Circuit Connection 



Divider Trimming Procedure 

1. Set trimming potentiometers at mid-scale by 
adjusting voltage on pins 7, 9 and 10 (Xqs. Yqs. 
Zos) ^0'' zero volts. 

2. With Z|N = OV, trim Zqs to hold the Output constant, 
as XjN is varied from -10V through -IV. 

3. With Z|N = OV and X|n = - 1 0.OV adjust Yqs for zero 
Output voltage. 

4. With Z|N = X|N (and/or Z|n = -X|n) adjust Xqs for 
minimum worst-case variation of Output, as X|n is 
varied from -10V to -IV. 

5. Repeat Steps 2 and 3 if Step 4 required a large initial 
adjustment. 

6. With Z|N = X|N (and/or Z|n = -X|n) adjust the gain 
control until the output is the closest average around 
+ 1 0.OV (- 1 0V for Z|N ^ -X|n) as X|n is varied from 
-10V to -3V. 

SQUARING 

The squaring function is achieved by simply multiplying 
with the two inputs tied together. The squaring circuit may 
also be used as the basis for a frequency doubler since 
cos^cot = 1/2 (cos 2cot+1). 
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Figure 12A: Squarer Blocic Diagram 
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Actual Circuit Connection 



SQUARE ROOT 

Tying the X and Y inputs together and using overall 
feedback from the Op Amp results in the square root 
function. The output of the modulator is again forced to 
equal the current produced by the Z input. 

IQ == X|N-Y|N = (-EqUT)^ = 10Z|N 

EoUT = -V10Z|N 

The output is a negative voltage which maintains, overall 
negative feedback. A diode in series with the Op Amp 
output prevents the latchup that would otherwise occur for 
negative input voltages. 
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Figure 13B: Actual Circuit Connection 



Square Root Trimming Procedure 

1. Connect the ICL8013 in the Divider configuration. 

2. Adjust Zos. Yqs. Xqs. and Gain using Steps 1 
through 6 of Divider Trimming Procedure. 

3. Convert to the Square Root configuration by 
connecting X|n to the Output and inserting a diode 
between Pin 4 and the Outpu^t node. 

4. With Z|N = OV adjust Zqs ^or zero Output voltage. 

VARIABLE GAIN AMPLIFIER 

Most applications for the ICL8013 are straight fon^/ard 
variations of the simple arithmetic functions described 
above. Although the circuit description frequently disguises 
the fact, it has already been shown that the frequency 
doubler is nothing more than a squaring circuit. Similarly the 
variable gain amplifier is nothing more than a multiplier, with 
the input signal applied at the X input and the control 
voltage applied at the Y input. 
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Figure 14: Variable Gain Amplifier 



TYPICAL APPLICATIONS 
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Figure 15: l\/lultiplication 
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Figure 16: Division 
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Figure 18: Square Root 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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DEFINITION OF TERMS 

Multiplication/Division Error: This is the basic accuracy 
specification. It includes terms due to linearity, gain, and 
offset errors, and is expressed as a percentage of the full 
scale output. 

Feedthrough: With either input at zero, the output of an 
ideal multiplier should be zero regardless of the signal 
applied to the other input. The output seen in a non-ideal 
multiplier is known as the feedthrough. 
Nonlinearity: The maximum deviation from the best straight 
line constructed through the output data, expressed as a 
percentage of full scale. One input is held constant and the 
other swept through its nominal range. The nonlinearity is 
the component of the total multiplication/division error 
which cannot be trimmed out. 
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1 ICL8038 

2 Precision Waveform 
^ Generator/Voitage 

Controiled Osciiiator 




GENERAL DESCRIPTION 

The ICL8038 Waveform Generator is a monolithic into-, 
grated circuit capable of producing high accuracy sine, 
square, triangular, sawtooth and pulse waveforms with a 
minimum of external components. The frequency (or repeti- 
tion rate) can be selected externally from .001 Hz to more 
than 300kHz using either resistors or capacitors, and 
frequency nriodulation and sweeping can be accomplished 
with an external voltage. The ICL8038 is fabricated with 
advanced monolithic technology, using Schottky-barrier 
diodes and thin film resistors, and the output is stable over a 
wide range of temperature and supply variations. These 
devices may be interfaced with phase locked loop circuitry 
to reduce temperature drift to less than 250ppm/°C. 

ORDERING INFORMATION 



FEATURES 

• Low Frequency Drift With Temperature 
— 250ppm/°C 

• Simultaneous Sine, Square, and Triangie Wave 
Outputs 

• Low Distortion — 1% (Sine Wave Output) 

• High Linearity — 0.1% (Triangle Wave Output) 

• Wide Operating Frequency Range-— 0.001Hz to 
300kHz 

• Variable Duty Cycle — 2% to 98% 

• High Level Outputs — TTL to 28V 

• Easy to Use — Just A Handful of External 
Components Required 



PART NUIWIBER 


STABILITY 


TEMP. RANGE 


PACKAGE 


ICL8038CCJD 


250ppm/°C typ 


0°C to +70°C 


CERDIP 


ICL8038BCJD 


180ppm/''C typ 


0°C to +70°C 


CERDIP 


ICL8038ACJD 


110ppm/°C typ 


0°C to + 70°C 


CERDIP 


ICL8038BMJD* 


350ppm/°C max 


-55°C to +125X 


CERDIP 


ICL8038AMJD* 


250ppm/°C max 


-55°C to +125°C 


CERDIP 


ICL8038/D 


— 


- 


DICE** 



*Add /883B to part number if 883 processing is required. 

** Parameter Mm/Max Limits guaranteed at 25°C only for DICE orders. 
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Figure 1: Functional Diagram 



VV 



Figure 2: Pin Configuration 
(Outline dwg JD) 
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302600-002 



ICL8038 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage (V" to V + ) 36V 

Power Dissipation^^ ^ 750mW 

Input Voltage (any pin) V~ to V*" 

Input Current (Pins 4 and 5) 25mA 

Output Sink Current (Pins 3 and 9) 25mA 



Storage Temperature Range - 65°C to + 1 50°C 

Operating Temperature Range: 

8038AM, 8038BM -55°C to +125°C 

8038AC, 8038BC, 8038CC 0°C to +70X 

Lead Temperature (Soldering, 10sec) 300°C 



Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings only, and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to 
absolute maximum rating conditions for extended penods may affect device reliability. 
NOTE 1: Derate ceramic package at 12.5mW/°C for ambient temperatures above 100°C. 



ELECTRICAL CHARACTERISTICS (Vsupply = ±iov or +20V, Ta = 
Othen/vise Specified) 



25°C, Rl = 10kU Test Circuit Unless 



00 

o 
u 

00 



SYMBOL 


GENERAL CHARACTERISTICS 


8038CC 


8038BC(BM) 


8038AC(AM) 


UNIT 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


VSUPPLY 


Supply Voltage Operating Range 






















V + 


Single Supply 


+ 10 




+ 30 


+ 10 




30 


+ 10 




30 


V 


v + , V- 


Dual Supplies 


±5 




±15 


±5 




±15 


±5 




±15 


V 


ISUPPLY 


Supply Current (VsuPPLY = ± 1 0V)^^) 






















8038AM, 8038BM 










12 


15 




12 


15 


mA 


8038AC, 8038BC, 8038CC 




12 


20 




12 


20 




12 


20 


mA 


FREQUENCY CHARACTERISTICS (all waveforms) 


fmax 


Maximum Frequency of Oscillation 


100 






100 






100 






kHz 


^sweep 


Sweep Frequency of FM Input 




10 






10 






10 




kHz 




Sweep FM Range^^^ 




35:1 






35:1 






35:1 








FM Linearity 10.1 Ratio 




0.5 






0.2 






0.2 




% 


Af/AT 


Frequency Drift With Temperature^^) 
8038 AC. BC, CC 0°C to 70°C 




250 






180 






110 




Fipm/°C 


8038 AM, BM, -55°C to 125°C 












350 






250 


Af/AV 


Frequency Drift With Supply Voltage 
(Over Supply Voltage Range) 




0.05 






0.05 






0-05 




%/V 


OUTPUT CHARACTERISTICS | 


Iqlk 


Square-Wave 

Leakage Current (Vg = 30V) 






1 






1 






1 


mA 


VSAT 


Saturation Voltage (IsiNK = 2mA) 




0.2 


0.5 




0.2 


0.4 




0.2 


0.4 


V 


tr 


Rise Time (Rl = AJka) 




180 






180 






180 




ns 


tf 


Fall Time (Rl = 4.7k^) 




40 






40 






40 




ns 


AD 


Typical Duty Cycle Adjust (Note 6) 


2 




98 


2 




98 


2 




98 


% 


Vtriangle 


Triangle/Sawtooth/Ramp 

Amplitude (RTRi = 100k^) 


0.30 


33 




0.30 


0.33 




0.30 


0.33 




xVsuPPLY 




Lineanty 




0.1 






0.05 






0.05 




% 


Zqut 


Output Impedance (Iqut = 5mA) 




200 






200 






200 




a 


VsiNE 


Sine-Wave 

Amplitude (RsiNE = lOOk^i) 


0.2 


0.22 




0.2 


0.22 




0.2 


0.22 




xVsuPPLY 


THD 


THD (Rs=1Mfi)(4) 




2.0 


5 




1.5 


3 




1.0 


1.5 


% 


THD 


THD Adjusted (Use Figure 6) 




1.5 






1.0 






0.8 




% 



NOTES: 2. Ra and Rb currents not included. 

3- VsuppLY = 20V; Ra and Rb = 10k^, f = 10kHz nominal; can be extended 1000 to 1. See Figures 7a and 7b. 
4. 82ki2 connected between pins 11 and 12, Tnangle Duty Cycle set at 50%. (Use Ra and Rb-) 
5 Figure 3, pins 7 and 8 connected, VsuPPLY = ±10V. See Typical Curves for T.C. vs VsuPPLY- 
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g ICL8038 



^ TEST CONDITIONS 



PARAMETER 


Ra 


Rb 


Rl 


Ci 


SWi 


MEASURE 


Supply Current 


ipkfi , 


lOkfi 


10kJ2 


3.3nF 


Closed 


Current into Pin 6 


Sweep FM Range^^) 


10kr2 


10ki2 


10ki7 


3.3nF 


Open 


Frequency at Pin 9 


Frequency Dnft with Temperature 


10kn 


iOk^i 


10ki2 


. 3.3nF 


Closed 


Frequency at Pin 3 


Frequency Drift with Supply Voltage^^) 


10kS2 


I0kn 


10kf2 


3.3nF 


Closed 


Frequency at Pin 9 


Output Amplitude: 
(Note 4) 


Sine 


10kfi 


I0k^ 


10ki2 


3.3nF 


Closed 


Pk-Pk output at Pin 2 


Triangle 


10kn 


10kJ2 


10ki2 


3.3nF 


, Closed 


Pk-Pk output at Pin 3 


Leakage Current (off)<^^ 


10ki2 


10k^ 




3.3nF 


Closed 


Current into Pin 9 


Saturation Voltage (on)<3) 


10kf2 


10k^ 




3.3nF 


Closed 


Output (low) at Pin 9 


Rise and Fall Times (Note 5) 


10ki2 


10kn 


4.7kl2 


3.3nF 


Closed 


Waveform at Pin 9 


Duty Cycle Adjust: 
(Note 5) 


MAX 


50kn 


~1.6kn 


10kn 


3.3nF 


Closed 


Waveform at Pin 9 


MIN 


~25kf2 


50kn 


lOk^ 


3.3nF 


Closed 


Waveform at Pin 9 


Triangle Waveform Linearity 


10kn 


10kr2 


10kn 


3.3nF 


Closed 


Waveform at Pin 3 


Total Harmonic Distortion 


lOkfi 


lOkfi 


lOkfi 


3.3nF 


Closed 


Waveform at Pin 2 



NOTES: 1. The hi and lo frequencies can be obtained by connecting pin 8 to pin 7 (fhi) and then connecting pin 8 to pin 6 (f|o). Otherwise 
apply Sweep Voltage at pin 8 (2/3 VsuPPLY + 2V) < VswEEP ^ VsuRply where Vsupply 's the total supply voltage. In Figure 7b, 
pin 8 should vary between 5.3V and 10V with respect to ground. 

2. 10V < V+ < 30V, or ±5V < VsuPPLY ^ ±15V. 

3. Oscillation can be halted by forcing pin 10 to +5 volts or -5 volts. 

4. Output Amplitude is tested under static conditions by forcing pin 10 to 5.0V then to -5.0V. 

5. Not tested; for design purposes only. 



DEFINITION OF TERMS: 

Supply Voltage (Vsupply)- The total supply voltage from 
V+ to V- 

Suppl^y Current. The supply current required from the 
power supply to operate the device, excluding load durrents 
and the currents through Ra and Rb- 
Frequency Range. The frequency range at the square 
wave output through which circuit operation is guaranteed. 
Sweep FM Range. The ratio of maximum frequency to 
minimum frequency which can be obtained by applying a 
sweep voltage to pin 8. For correct operation, the sweep 
voltage should be within the range 

(2/3 Vsupply + 2V) < Vsweep < Vsupply 

FM Linearity. The percentage deviation from the best-fit 

straight line on the control voltage versus output frequency 

curve. 

Output Amplitude. The peak-to-peak signal amplitude 

appearing at the outputs. 

Saturation Voltage. The output voltage at the collector of 

Q23 when this transistor is turned on. It is measured for a 

sink current of 2mA. 

Rise and Fall Times. The time required for the square wave 

output to change from 10% to 90%, or 90% to 10%, of Its 

final value. 

Triangle Waveform Linearity. The percentage deviation 

from the best-fit straight line on the rising and falling triangle 

waveform. 

Total Harmonic Distortion. The total harmonic distortion 

at the sine-wave output. 



.10k 



iCL8038 



12 2 



■Lci 

~^3300pF 



Figure 3: Test pircuit 
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ICL8038 

TYPICAL PERFORMANCE CHARACTERISTICS 
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S ICL8038 
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Square-Wave Duty Cycle— 50% Square-Wave Duty Cycle— 80% 

Figure 4: Phase Relationship of Waveforms 



DETAILED DESCRIPTION 
(See Figure 1) 

An external capacitor, C is charged and discharged by two 
current sources. Current source #2 is switched on and off 
by a flip-flop, while current source #1 Is on continuously. 
Assuming that the flip-flop is in a state such that current 
source #2 is off, and the capacitor is charged with a current 
I, the voltage across the capacitor rises linearily with time. 
When this voltage reaches the level of comparator # 1 (set 
at 2/3 of the supply voltage), the flip-flop Is triggered, 
changes states, and releases current source #2. This 
current source normally carries a current 21, thus the 
capacitor is discharged with a net-current I and the voltage 
across it drops linearly with time. When it has reached the 
level of comparator #2 (set at 1/3 of the supply voltage), 
the the flip-flop is triggered into its original state and the 
cycle starts again. 

Four waveforms are readily obtainable from this basic 
generator circuit. With the current sources set at I and 21, 
respectively, the charge and discharge times are equal. 
Thus a triangle waveform is created across the capacitor 
and the flip-flop produces a square-wave. Both waveforms 
are fed to buffer stages and are available at pins 3 and 9. 

The levels of the current sources can, however, be 
selected over a wide range with two external resistors. 
Therefore, with the two currents set at values different from 
I and 21, an asymmetrical sawtooth appears at terminal 3 
and pulses with a duty cycle from less than 1 % to greater 
than 99% are available at terminal 9. 

The sine-wave is created by feeding the triangle-wave 
into a non-linear network (sine-converter). This network 
provides a decreasing shunt-impedance as the potential of 
the triangle moves toward the two extremes. 

WAVEFORM TIMING 

The symmetry of all waveforms can be adjusted with the 
external timing resistors. Two possible ways to accomplish 
this are shown in Figure 5. Best results are obtained by 
keeping the timing resistors Ra and Rb separate (a). Ra 



controls the rising portion of the triangle and sine-wave and 
the 1 state of the square-wave. 

The magnitude of the triangle-waveform is set at 1/3 
Vsupply; therefore the rising portion of the triangle is, 

Cxv 



C X Vs X Vsupply X Ra 5 

-. = - RaxC 

'/5 X Vsupply 3 



The falling portion of the triangle and sine-wave and the 
state of the square-wave is: 



CxV 



Cxi/3 Vsupply 



2 Vsupply _ 1 ' Vsupply 
5 Rb 5 Ra 



5 RaRbC 
— X 

3 2Ra-Rb 



Thus a 50% duty cycle is achieved when Ra = Rb- 

If the duty-cycle is to be varied over a small range about 
50% only, the connection shown in Figure 5b is slightly 
more convenient. If no adjustment of the duty cycle is 
desired, terminals 4 and 5 can be shorted together, as 
shown in Figure 5c. This connection, however, causes an 
inherently larger variation of the duty-cycle, frequency, etc. 
With two separate timing resistors, the frequency is given 
by 



1 



ti+t2 



6 Rb 

-RaC 1 + — - 
3 "^ 2RA-RBi 



or, if Ra = Rb = R 

0.3 
f = — - (for Figure 5a) 
RC 

If a single timing resistor is used (Figure 5c only), the 
frequency is 

_0.15 

~"rc" 
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Figure 5: Possible Connections for the External Timing Resistors 



Neither time nor frequency are dependent on supply 
voltage, even though none of the voltages are regulated 
inside the integrated circuit. This is due to the fact that both 
currents and thresholds are direct, linear functions of the 
supply voltage and thus their effects cancel. 

To minimize sine-wave distortion the 82k^ resistor 
between pins 1 1 and 1 2 is best made variable. With this 
arrangement distortion of less than 1% is achievable. To 
reduce this even further, two potentiometers can be con- 
nected as shown in Figure 6; this configuration allows a 
typical reduction of sine-wave distortion close to 0.5%. 
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Figure 6: Connection to Achieve 
Minimum Sine-Wave Distortion 



SELECTING Ra, Rb and C 

For any given output frequency, there is a wide range of 
RC combinations that will work, however certain constraints 
are placed upon the magnitude of the charging current for 
optimum performance. At the low end, currents of less than 
1 juA are undesirable because circuit leakages will contribute 
significant errors at high temperatures. At higher currents 
(I > 5mA), transistor betas and saturation voltages will 
contribute increasingly larger errors. Optimum performance 
will, therefore, be obtained with charging currents of lOjuA 
to 1 mA. If pins 7 and 8 are shorted together, the magnitude 
of the charging current due to Ra can be calculated from: 

_Rlx(V"^-V-) 1 _(V+-V-) 

(Rl + R2) ^ Ra ~ 5Ra 

A similar calculation holds for Rb- 

The capacitor value should be chosen at the upper end 
of its possible range. 

WAVEFORM OUT LEVEL CONTROL AND 
POWER SUPPLIES 

The waveform generator can be operated either from a 
single power-supply (10 to 30 Volts) or a dual power-supply 
(±5 to ±15 Volts). With a single power-supply the average 
levels of the triangle and sine-wave are at exactly one-half 
of the supply voltage, while the square-wave alternates 
between V"*" and ground. A split power supply has the 
advantage that all waveforms move symmetrically about 
ground. 

The square-wave output is not committed. A load resistor 
can be connected to a different power-supply, as long as 
the applied voltage remains within the breakdown capability 
of the waveform generator (30V). In this way, the square- 
wave output can be made TTL compatible (load resistor 
connected to + 5 Volts) while the waveform generator itself 
is powered from a much higher voltage. 
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Figure 7: Connections for Frequency IVIodulation (a) and Sweep (b) 



FREQUENCY MODULATION AND 
SWEEPING 

The frequency of the waveform generator is a direct 
function of the DC voltage at terminal 8 (measured from 
V^). By altering this voltage, frequency modulation is 
performed. For small deviations (e.g. ±10%) the modulating 
signal can be applied directly to pin 8, merely providing DC 
decouplirig with a capacitor as shown in Figure 7a. An 
external resistor between pins 7 and 8 is not necessary, but 
it can be used to increase input impedance from about 8kf2 
(pins 7 and 8 connected together), to about (R + 8kl2). 



For larger FM deviations or for frequency sweeping, the 
modulating signal is applied between the positive supply 
voltage and pin 8 (Figure 7b). In this way the entire bias for 
the current sources is created by the modulating signal, and 
a very large (e.g. 1000:1) sweep range is created (f = at 
Vsweep = 0)- Care must be taken, however, to regulate the 
supply voltage; in this configuration the charge current is no 
longer a function of the supply voltage (yet the trigger 
thresholds still are) and thus the frequency becomes 
dependent on the supply voltage. The potential on Pin 8 
may be swept down from V""" by (1/3 VsuPPLY-2V). 

APPLICATIONS 



The sine wave output has a relatively high output 
impedance (IkU Typ). The circuit of Figure 8 provides 
buffering, gain and amplitude adjustment. A simple op amp 
follower could also be used. 
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Figure 8: Sine Wave Output Buffer Amplifiers 



With a dual supply voltage the external capacitor on Pin 
10 can be shorted to ground to halt the ICL8038 oscillation. 
Figure 9 shows a FET switch, diode ANDed with an input 
strobe signal to allow the output to always start on the same 
slope. 

To obtain a 1000:1 Sweep Range on the ICL8038 the 
voltage across external resistors Ra and Rb must decrease 
to nearly zero. This requires that the highest voltage on 
control Pin 8 exceed the voltage at the top of Ra and Rb by 
a few hundred millivolts. 

The Circuit of Figure 1 achieves this by using a diode to 
lower the effective supply voltage on the ICL8038. The 
large resistor on pin 5 helps reduce duty cycle variations 
with sweep. 



5-78 
Note: All typical values have been guaranteed by charactenzation and are not tested. 



ICL8038 



ICL8038 



10 2 



^C 




Figure 9: Strobe-Tone Burst Generator 
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Figure 10: Variable Audio Oscillator, 
20Hz to 20kHz 
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Figure 11: Linear Voltage Controlled Oscillator 




The linearity of input sweep voltage versus output fre- 
quency can be significantly improved by using an op amp as 
shown in Figure 11. 

USE IN PHASE-LOCKED LOOPS 

Its high frequency stability makes the ICL8038 an ideal 
building block for a phase-locked loop as shown in Figure 
12. In this application the remaining functional blocks, the 
phase-detector and the amplifier, can be formed by a 
number of available IC's (e.g. MC4344, NE562, HA2800, 
HA2820) 

In order to match these building blocks to each other, two 
steps must be taken. First, two different supply voltages are 
used and the square wave output is returned to the supply 
of the phase detector. This assures that the VCO input 



voltage will not exceed the capabilities of the phase 
detector. If a smaller VCO signal is required, a simple 
resistive voltage divider is connected between pin 9 of the 
waveform generator and the VCO input of the phase- 
detector. 

Second, the DC output level of the amplifier must be 
made compatible to the DC level required at the FM input of 
the waveform generator (pin 8, 0.8V*'"). The simplest 
solution here is to provide a voltage divider to V*" (Ri, R2 
as shown) if the amplifier has a lower output level, or to 
ground if its level is higher. The divider can be made part of 
the low-pass filter. 

This application not only provides for a free-running 
frequency with very low temperature drift, but it also has the 
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t ICL8038 



§ 



unique feature of producing a large reconstituted sinewave 
signal with a frequency identical to that at the input. 



For further information, see Intersil Application Note 
A013, "Everything You Always Wanted to Know About The 
ICL8038." 
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Figure 12: Waveform Generator Used as Stable VCO in a Phase-Loclted Loop 



CURRCMT SOURCES 




SINE-CONVERTER 



Figure 13: Detailed Schematic 
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ICL8069 

Low Voltage Reference 



GENERAL DESCRIPTION 

The ICL8069 is a 1 .2V temperature compensated voltage 
reference. It uses the band-gap principle to achieve excel- 
lent stability and low noise at reverse currents down to 
SOjuA. Applications include analog-to-digital converters, di- 
gital-to-analog converters, threshold detectors, and voltage 
regulators. Its low power consumption makes it especially 
suitable for battery operated equipment. 

ORDERING INFORMATION 




FEATURES 

• Temperature Coefficient Guaranteed 
to ZSppm/^'C IMax 

• Low Bias Current — 50/uA M\n 

• Low Dynamic Impedance 

• Low Reverse Voitage 

• Low Cost 



ORDER P/N 
TO-92 


ORDER P/N 
TO-52 


TEMPERATURE 
RANGE 


MAX. TEMP. COEFF. 
OF Vref 


ICL8069CCZR 


ICL8069CCSQ 


0*»C to +70''C 


0.005%/''C 


— 


ICL8069CMSQ 


-SS^'C to +125X 


0.005%/'*C 


ICL8089DCZR 


ICL8069DCSQ 


O^'C to +70**C 


0.01 %/X 


— 


ICL8069DMSQ 


-55°C to +125''C 


0.01%/*'C 


ICL8069/D 


— 


— 


DICE** 



**Parameter Mm/Max Limits guaranteed at 25°C only for DICE orders. 



-L-X 





(a) Simple Reference (1.2 volts or 
less) 



(b) Buffered 10V Reference using a (c) Double regulated lOOmV reference 
single supply. for ICL7107 one-ciiip DPM circuit. 

Figure 1: Functional Diagrams 
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Figure 2: Pin Configurations 
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303120-002 
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ICL8069 

ABSOLUTE MAXIMUM RATINGS 

Reverse Voltage See Note 2 

Forward Current 10mA 

Reverse Current 10mA 

Power Dissipation Limited by max fon^^ard/ 

reverse current 



Storage Temperature -65X to +150°C 

Operating Temperature 

ICL8069C ; O'^C to +70°C 

ICL8069M -55X to +125*C 

Lead Temperature (Soldering, lOsec) 300°C 



NOTE: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent device failure. These are stress ratings only and functional 
operation of the devices at these or any other conditions above those indicated in the operation sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may cause device failures. 

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless othen^^ise noted) 



CHARACTERISTICS 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Reverse breakdown Voltage 


Ir = 500/uA 


1.20 


1.23 


1.25 


V 


Reverse breakdown 
Voltage change 


SOjuA < Ir < 5mA 




15 


20 


mV 


Reverse dynamic impedance 


IR = 50mA 
Ir = 500mA 




1 

1 


2 
2 


n 


Fonvard Voltage Drop 


If = SOO/uA 




0.7 


1 


V 


RMS Noise Voltage 


10Hz <f< 10kHz 
Ir = 500mA 




5 




mV 


Long Term Stability 


Ir = 4.75mA 
Ta = 25°C 




1 




ppm/kHR 


Breakdown voltage 
Temperature coefficient 

ICL8069C 
ICL8069D 




Ir = SOOjLtA 
Ta = operating 
Temperature range 
(Note 3) 






.005 
.01 


%rc 


Reverse Current Range 




^ 0.050 




5 


mA 



TYPICAL PERFORMANCE CHARACTERISTICS 



VOLTAGE CHANGE AS A 
FUNCTION OF REVERSE CURRENT 



REVERSE VOLTAGE AS A 
FUNCTION OF CURRENT 



REVERSE VOLTAGE AS A FUNCTION 
OF TEMPERATURE 
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IOOmA 1mA 

REVERSE CURRENT 



REVERSE VOLTAGE (V) 



25 +25 +50 +75 ^100+125 
TEMPERATURE (°C) 



Notes: 

1)lf circuit strays in excess of 200pF are anticipated, a AlyF shunt capacitor will ensure stability under all operating conditions. 

2) In normal use, the reverse voltage cannot exceed the reference voltage. However when plugging units into a powered-up test fixture, an instantaneous 
voltage equal to the compliance of the test circuit will be seen. This should not exceed 20V. 

3) For the military part, measurements are made at 25°C, -55°C, and + 125°C. The unit is then classified as a function of the worst case T.C. from 25°C td 
-55°C, or 25X to +125°C. 



5-82 
Note: All typical values have been guaranteed by characterization and are not tested. 



ICL8211/ICL8212 

Programmable Voltage Detector 




GENERAL DESCRIPTION 

The Intersil ICL821 1/8212 are micropower bipolar mono- 
lithic integrated circuits intended primarily for precise volt- 
age detection and generation. These circuits consist of an 
accurate voltage reference, a comparator and a pair of 
output buffer/drivers. 

Specifically, the ICL821 1 provides a 7mA current limited 
output sink when the voltage applied to the THRESHOLD' 
terminal is less than 1.15 volts (the internal reference). The 
ICL8212 requires a voltage in excess of 1 .15 volts to switch 
its output on (no current limit). Both devices have a low 
current output (HYSTERESIS) which is switched on for 
input voltages in excess of 1 .1 5V. The HYSTERESIS output 
may be used to provide positive and noise free output 
switching using a simple feedback network. 

ORDERING INFORMATION 





TEMPERATURE 




PART NUMBER 


RANGE 


PACKAGE 


ICL8211CPA 


O^C to +70°C 


8 lead Mini DIP 


ICL8211CBA 


0°C to +70°C 


8 lead SOIC 


iCL8211CTY 


0°C to + 70^0 


TO-99 Can 


ICL8211MTY* 


-55°C to + 125^C 


TO-99 Can ^ 


ICL8212CPA 


0°C to +70°C 


8 lead Mini DIP 


ICL8212CBA 


0°C to +70X 


8 lead SOIC 


ICL8212CTY 


O^C to +70°C 


TO-99 Can 


ICL8212MTY* 


-55°C to + 125°C 


TO-99 Can 


ICL8211/D 


-^ 


DICE ** 


ICL8212/D 


— 


DICE ** 



FEATURES 

• High Accuracy Voltage Sensing and Generation: 
Internal Reference 1.15 Volts Typical 

• Low Sensitivity to Supply Voltage and 
Temperature Variations 

• Wide Supply Voltage Range: Typ. 1.8 to 30 Volts 

• Essentially Constant Supply Current Over Full 
Supply Voltage Range 

• Easy to Set Hysteresis Voltage Range 

• Defined Output Current Limit — ICL8211 
High Output Current Capability-— ICL82 12 

APPLICATIONS 

• Low Voltage Sensor/Indicator 

• High Voltage Sensor/Indicator 

• Non Volatile Out-of-Voltage Range Sensor/ 
Indicator 

• Programmable Voltage Reference or Zener Diode 

• Series or Shunt Power Supply Regulator 

• Fixed Value Constant Current Source 



O 

r 

00 

to 

10 



* Add /883B to part number if 883B processing is required. 

** Parameter Mtn/Max Limits guaranteed at 25°C only for DICE orders. 



VOLTAGE REFERENCE COMPARATOR OUTPUT BUFFERS 




N/C jT« 
HYSTERESIS [T 
THRESHOLD [3 
OUTPUT \± 



I]v+ 
T|n/c 



HYSTERESIS 
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,_ ^_. ,6)N/C 

1]n/c 

E GROUND ^^C<JX^ X5)N/C 
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(outMne dwg PA) (outline dwg TY) 

CD018601 




N/crr 
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OUTPUT i I 
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(outline dwg BA) 



- ICL8211 option 
X X X X ICL8212 option 



Figure 1: Functional Diagram 



Figure 2: Pin Configurations 
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g ICL8211/ICL8212 



ABSOLUTE MAXIMUM RATINGS 



CM 
CO 

-I 

o 



Supply Voltage -0.5 to +30 volts 

Output Voltage -0.5 to +30 volts 

Hysteresis Voltage :....+ 0.5 to - 1 volts 

Threshold Input Voltage 

+ 30 to -5 volts with respect to GROUND and +0 

to -30 volts with respect to V"*" 

Current into Any Terminal : ±30mA 



Power Dissipation (Note 1 & 2) 300mW 

Operating Temperature Range: 

ICL82liM/8212M -55°C to +125°C 

ICL8211C/8212C 0°C to +70°C 

Storage Temperature Range - 65°C to + 1 50°C 

Lead Temperature (Soldering, 10sec) 300*^0 



Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings only, and functional 

operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied Exposure to 

absolute maximum rating conditions for extended penods may affect device reliability. 

NOTE 1: Rating applies for case temperatures to 125°C to ICL821 1MTY/8212MTY products. Derate linearly at -10mW/°C for ambient temperatures above 

100°C. 

NOTE 2: Derate linearly above 50°C by -10mW/°C for ICL8211C/8212C products. The threshold input voltage may exceed +7 volts for short periods of 

time However for continuous operation this voltage must be maintained at a value less than 7 volts. 



ELECTRICAL CHARACTERISTICS (V+ =5V. Ta = 25°C unless othenA/ise specified) 








SYMBOL 


PARAMETER 


TEST CONDITIONS 


ICL8211 


ICL8212 


UNIT 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


1 + 


Supply Current 


2 < V + < 30 
Vt = 1 3V 
Vt = 9V 


10 
50 


22 
140 


40 
250 


50 
10 


110 
20 


250 
40 


HA 


Vth 


Threshold Tnp Voltage 


V+ =5V 
l0UT = 4mA V^=2V 
VouT = 2V V+=30V 


0.98 
0.98 
1 00 


1.15 
1.145 
1.165 


1.19 
1.19 
120 


1.00 
1.00 
1.05 


1.15 
1 145 
1 165 


1.19 
1.19 
1.20 


V 
V 
V ' 


Vthp 


Threshold Voltage Disparity 
Between Output & Hysteresis 
Output 


IOUT = 4mA VoUT =2V 
'hYST = 7mA VhyST = 3V 




-80 






-0.5 




mV 


VSUPPLY 


Guaranteed Operating Supply 
Voltage Range (Note 5) 


+ 25°C 

to +70°C 

-55°C to +125°C 


2.0 
2.2 
2.8 




30 
30 
30 


2.0 
2.2 
2.8 




30 
30 
30 


V 
V 
V 


VSUPPLY 


Typical Operating Supply 
Voltage Range 


+ 25°C 
+ 125°C 
-55°C 


1.8 
1.4 
2.5 




30 
30 
30 


1.8 
1.4 
25 




30 
30 
30 


V 
V 
V 


AVth/AT 


Threshold Voltage 
Temperature Coefficient 


loUT = 4mA 
VouT = 2V 




+ 200 






+ 200 




ppm/°C 


AVth/AV + 


Vanation of Threshold Voltage 
With Supply Voltage 


AV+ =10% at V+ =5V 




1.0 






10 




mV 


Ith 


Threshold Input Current 


Vth = 1.15V 
Vth = 1-00V 




100 
5 


250 




100 
5 


250 


nA 
nA 


•OLK 


Output Leakage Current 


VouT = 30V Vth = 1.0V 

VouT = 30V Vth = 1.3V 

VouT = 5V Vth = 1.0V 

VVouT = 5V Vth = 1.3V 






10 
1 






10 
1 


HA 
HA 

mA 
mA 


VSAT 


Output Saturation Voltage 


Vth = 1.0V 

IOUT = 4mA Vth = 1.3V 




0.17 


0.4 ^ 




0.17 


0.4 


V 
V 


IQH 


Max Available Output Current 


(Note 3 & 4) Vth = 1.0V 
VouT = 5V Vth = 1.3V 
-55X < Ta < 125°C Vth = 1.0V 


4 


7.0 


12 
15 


15 
12 


35 




mA 
mA 
mA 


Ilhys 


Hysteresis Leakage Current 


V+=10V Vth = 1-0V 

Vhyst=-V- 






0.1 






0.1 


mA 


VhYS (max) 


Hysteresis Sat Voltage 


Ihyst=-7mA Vth = 1.3V 
measured with respect to V"^ 




-0.1 


-0.2 




-0.1 


-0.2 


V 


IhyS (max) 


Max Available Hysteresis Current 


Vth = 1.3V 


-15 


-21 




-15 


-21 




HA 



NOTES: 3. The maximum output current of the 
be sustained at any voltage up to ■ 

4. The maximum output current of the 
current does not exceed 30mA and 

5. Threshold Trip Voltage is 0.80V(min) 



ICL8211 IS limited by design to 15mA under any operating conditions. The output voltage may 
-30V as long as the maximum power dissipation of the device is not exceeded. 
ICL8212 is not defined, and systems using the ICL8212 must therefore ensure that the output 
that the maximum power dissipation of the device is not exceeded, 
to 1.30V(max). 



5-84 
Note: All typical values have been guaranteed by characterization and are not tested. 



ICL8211/ICL8212 i 

TYPICAL PERFORMANCE CHARACTERISTICS COMMON TO ICL8211 AND ICL8212 
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THRESHOLD INPUT CURRENT AS A FUNCTION OF 
THRESHOLD VOLTAGE 



u,««u 




1 — 1 


^~i 


— 






"~" 


~~ 




: V* = 10V 






























1,000 






:L82 


11 € 


IC 


^21 












J 








— 











/ 
















__^ 


/ 






^ 










1 



















' 


— 




i 
















10 


li 

















0.0 1.1 1.15 1.2 2.0 3.0 6.0 8.0 10.0 

THRESHOLD VOLTAGE - Vth 

(IRREGULAR SCALE) 



HYSTERESIS OUTPUT SATURATION CURRENT AS 
A FUNCTION OF TEMPERATURE 



1 ° 

Z -5 

Ui 

i-10 



V* -5V 
- Vth = 1.2V 
Vhys = 4.5V 



(or -0 5V with 
respect to V supply) 



iCL8211 orlCL8212 



o 

r 

00 
10 



-20 +20 +40 +60 +80 
TEMPERATURE °C 



TYPICAL PERFORMANCE CHARACTERISTICS ICL8211 ONLY 
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H ICt8211/ICL8212 



jj TYPICAL PERFORMANCE CHARACTERISTICS ICL8211 ONLY (CONT.) 
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TYPICAL PERFORMANCE CHARACTERISTICS ICL8212 ONLY 
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ICL8211/ICL8212 

TYPICAL PERFORMANCE CHARACTERISTICS ICL8212 ONLY (CONT.) 
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DETAILED DESCRIPTION 



The ICL8211 and ICL8212 use standard linear bipolar 
integrated circuit technology with high value thin film 
resistors which define extremely low value currents. 

Components Qi thru Qio and Ri, R2 and R3 set up an 
accurate voltage reference of 1.15 volts. This reference 
voltage is close to the value of the bandgap voltage for 
silicon and is highly stable with respect to both temperature 
and supply voltage. The deviation from the bandgap voltage 
is necessary due to the negative temperature coefficient of 
the thin film resistors (-5000 ppm per °C). 

Components Q2 thru Qg and R2 make up a constant 
current source; Q2 and Q3 are identical and form a current 
mirror. Qs has 7 times the emitter area of Qg, and due to the 
current mirror, the collector currents of Qs and Qg are 
forced to be equal and it can be shown that the collector 
current in Qq and Qg is 

1 kT 
Ic (Qs or Qg) = — X— In? 
R2 q 

or approximately 1/iA at 25°C 



Where k = Boltzman's constant 
q = charge on an electron 

and T = absolute temperature In 



K 



Transistors Q5, Qq, and Q7 assure that the Vce oi Q3, 
Q4, and Qg remain constant with supply voltage variations. 
This ensures a constant current supply free from variations. 

The base current of Q-j provides sufficient start up 
current for the constant source; there being two stable 
states for this type of circuit — either ON as defined above, 
or OFF if no start up current is provided. Leakage current in 
the transistors is not sufficient in itself to guarantee reliable 
startup. 

Q4 is matched to Q3 and Q2; Q10 's matched to Qg. Thus 
the Ic and Vbe of Q10 are identical to that of Qg or Qs- To 
generate the bandgap voltage, it is necessary to sum a 
voltage equal to the base emitter voltage of Qg to a voltage 
proportional to the difference of the base emitter voltages 
of two transistors Qq and Qg operating at two current 
densities. 



R3 kT 
Thus 1.15 = Vbe (Q9 or Qio) + — x — In7 

R3 ^' ' 

which provides (approx.) 

R2 = 12 

The total supply current consumed by the voltage refer- 
ence section is approximately B/uA at room temperature. A 
voltage at the THRESHOLD input is compared to the 
reference 1.15 volts by the comparator consisting of 
transistors On thru Q17. The outputs from the comparator 
are limited to two diode drops less than V "^ or approximate- 
ly 1 .1 volts. Thus the base current Into the hysteresis output 
transistor is limited to about 500nA and the collector current 
of Qig to lOOjLtA. 

In the case of the ICL8211, Q21 is proportioned to have 
70 times the emitter area of Q20 thereby limiting the output 
current to approximately 7mA, whereas for the ICL8212 
almost all the collector current of Qig is available for base 
drive to Q21, resulting In a maximum available collector 
current of the order of 30mA. It is advisable to externally 
limit this current to 25mA or less. 

APPLICATIONS 

The ICL8211 and ICL8212 are similar in many respects, 
especially with regard to the setup of the input trip condi- 
tions and hysteresis circuitry. The following discussion 
describes both devices, and where differences occur they 
are clearly noted. 

General Information 

THRESHOLD INPUT CONSIDERATIONS 

Although any voltage between -5V and V"'' may be 
applied to the THRESHOLD terminal, it is recommended 
that the THRESHOLD voltage does not exceed about + 6 
volts since above that voltage the threshold input current 
increases sharply. Also, prolonged operation above this 
voltage will lead to degradation of device characteristics. 
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ICL8211 ONLY 



OUTPUT 
ICL8212 ONLY 



Figure 3: Voltage Level Detection 



The outputs change states with an input THRESHOLD 
voltage of approximately 1.15 volts. Input and output 
waveforms are ^hown In Figure 3 for a simple 1.15 volt level 
detector. 

The HYSTEf^ESIS output is a low current output and is 
intended primarily for input threshold voltage hysteresis 
applications. If this output is used for other applications it is 
suggested that output currents be limited to 1 0/xA or less. 

The regular OUTPUT'S from either the ICL8211 or 
ICL8212 may be used to drive most of the common logic 
families such as TTL or C-MOS using a single pullup 
resistor. There Is a guaranteed TTL fanout of 2 for the 
ICL8211 and 4 for the ICL8212. 



VthO- 



-41 



3 
3 



' PULLUP RESISTOR 






C-MOS OR 
TTL GATES 



LC01330I 

Figure 4: Output Logic Interface 



A principal application of the IGL8211 is voltage level 
detection, and for that reason the OUTPUT current has 
been limited to typically 7mA to permit direct drive of an 



LED connected to the positive supply without a series 
current limiting resistor. 

On the other hand the ICL8212 is intended for applica- 
tions such as programmable zener references, and voltage 
regulators where output currents well in excess of 7mA are 
desirable. Therefore, the output of the ICL8212 is not 
current limited, and if the output is used to drive an LED, a 
series current limiting resistor must be used. 

In most applications an input resistor divider network may 
be used to generate the 1.15V required for Vth- For high 
accuracy, currents as large as 50jliA may be used, however 
for those applications where current limiting may be desir- 
able, (such as when operating from a battery) currents as 
low as SjuA may be considered without a great loss of 
accuracy. 6juA represents a practical minimum, since it is 
about this level where the device's own input current 
becomes a significant percentage of that flowing in the 
divider network. 




Figure 5: Input Resistor 
Network Considerations 



Case I.HIgh accuracy required, current in resistor 

network unimportant Set I = 50mA for Vjh = 1-15 

volts .•.Ri-^20k^. 
Case 2. Good accuracy required, current in resistor 

network important Set I = 7.5iLiA for Vjh = 1.15 

volts .•.Ri^150ki:2. 

SETUP PROCEDURES FOR VOLTAGE LEVEL 
DETECTION 

Case 1 . Simple voltage detection — no hysteresis 

Unless an input voltage of approximately 1.15 volts is to 
be detected, resistor networks will be used to divide or 
multiply the unknown voltage to be sensed. Figure 7 shows 
procedures on how to set up resistor networks to detect 
INPUT VOLTAGES of any magnitude and polarity. 

For supply voltage level detection applications the input 
resistor network is connected across the supply terminals 
as shown in Figure 8. 

Conditions for correct operation of OUTPUT (terminal #4). 

1. ICL8211 

1.8V <V"^ <30V 

2. ICL8212 
0<V"^<30V 
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ICL8211/ICL8212 




Input voltage to change the output states 
(R1 + R2) 



Ri 



-X1.15 volts 



Figure 6: Range of Input Voltage 
Greater Than +1.15 Volts 



MAY BE ANY STABLE VOLTAGE 
REFERENCE GREATER 
Vref (.ve)THAN 1.15 VOLTS 

?V^ 




Range of Input voltage less than +1.15 volts. 
Input voltage to change the output states 

^ (Ri4-R2)x1.15R2VreF 
Rl Ri 

Figure 7: Input Resistor Network 
Setup Procedures 
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INPUT VOLTAGE 
OR SUPPLY VOLTAGE 



Figure 8: Combined Input 
and Supply Voltages 



Case 2. Use of the HYSTERESIS functian 

The disadvantage of the simple detection circuits is that 
there is a small but finite input range where the outputs are 
neither totally 'ON' nor totally 'OFF'. The principle behind 
hysteresis is to provide positive feedback to the input trip 



point such that there is a voltage difference between the 
input voltage necessary to turn the outputs ON and OFF. 

The advantage of hysteresis is especially apparent in 
electrically noisy environments where simple but positive 
voltage detection is required. Hysteresis circuitry, however, 
is not limited to applications requiring better noise perfor- 
mance but may be expanded into highly complex systems 
with multiple voltage level detection and memory applica- 
tions — refer to specific applications section. 

There are two simple methods to apply hysteresis to a 
circuit for use in supply voltage level detection. These are 
shown in Figure 9. 

The circuit (a) of Figure 9 requires that the full current 
flowing in the resistor network be sourced by the HYSTER- 
ESIS output, whereas for circuit (b) the current to be 
sourced by the HYSTERESIS output will be a function of the 
ratio of the two trip points and their values. For low values of 
hysteresis, circuit (b) is to be preferred due to the offset 
voltage of the hysteresis output transistor. 

A third way to obtain hysteresis (ICL8211 only) is to 
connect a resistor between the OUTPUT and the THRESH- 
OLD terminals thereby reducing the total external resis- 
tance between the THRESHOLD and GROUND when the 
OUTPUT is switched on. 

Practical Applications 

a) Low Voltage Battery Indicator 

This application is particularly suitable for portable or 
remote operated equipment which requires an indication of 
a depleted or discharged battery. The quiescent current 
taken by the system will be typically 35juA which will 
increase to 7mA when the lamp is turned on. R3 will provide 
hysteresis if required. 

b) I Non-Volatile i Low Voltage Detector 

In this application the high trip voltage Vjpa is set to be 
above the normal supply voltage range. On power up the 
initial condition is A. On momentarily closing switch Si the 
operating point changes to B and will remain at B until the 
supply voltage drops below Vjri, at which time the output 
will revert to condition A. Note that state A is always 
retained if the supply voltage is reduced below Vjri (even 
to zero volts) and then raised back to Vnom- 

c) (Non-volatile) Power Supply Malfunction Recorder 

In many systems a transient or an extended abnormal (or 
absence of a) supply voltage will cause a system failure. 
This failure may take the form of Information lost in a volatile 
semiconductor memory stack, a loss of time in a timer or 
even possible irreversible damage to components if a 
supply voltage exceeds a certain value. 

It is, therefore, necessary to be able to detect and store 
the fact that an out-of-operating range supply voltage 
condition has occurred, even in the case where a supply 
voltage may have dropped to zero. Upon power up to the 
normal operating » voltage this record must have been 
retained and easily Interrogated. This could be important in 
the case of a transient power failure due to a faulty 
component or intermittent power supply, open circuit, etc., 
where direct observation of the failure is difficult. 
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+ 0.1 volts 
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(R1+R2 + R3) 

Vtrp = X 1 .1 5 volts 

Rl 
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Low trip voltage 
RqRs 



Vtri = ,„ 
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+ RP 
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Rp 



(Rp + Rq) 

Vjp2 = X 1 .1 5 volts 

Rp 











>TR2 
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SUPPLY — 
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Figure 9: Two alternative voltage 
detection circuits employing ' 
hysteresis to provide pairs of 
well defined trip voltages. 
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Figure 10: Low Voltage Battery Indicator 
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Figure 11: Low Voltage Detector 
and Memory 




Figure 1!2: Schematic of Recorder 
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ICL8211/ICL8212 

A Simple circuit to record an out of range voltage 
excursion may be constructed using an ICL8211, an 
ICL8212 plus a few resistors. This circuit will operate to 30 
volts without exceeding the maximum ratings of the I.C.'s. 
The two voltage limits defining the in range supply voltage 
may be set to any value between 2.0 and 30 volts. 



OUTPUT ICL8211 
ICL8212 DISCONNECTED 



OUTPUT ICL8212 



OUTPUT ICL8211 
AS PER FIGURE 9 
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Figure 13: Output States of the 

ICL8211 and ICL8212 as a 
Function of the Supply Voltage 



Referring to Figure 12, the ICL8212 is used to detect a 
voltage, V2, which is the upper voltage limit to the operating 
voltage range. The ICL821 1 detects the lower voltage limit 
of the operating voltage range, Vi . Hysteresis is used with 
the ICL821 1 so that the output can be stable in either state 
over the operating voltage range Vi to V2 by making V3 — 
the upper tnp point of the ICL821 1 much higher in voltage 
than V2. 

The output of the ICL8212 is used to force the output of 
the ICL821 1 into the ON state above V2. Thus there is no 
value of the supply voltage that will result in the output of 
the ICL821 1 changing from the ON state to the OFF state. 
This may be achieved only by shorting out R3 for values of 
supply voltage between Vi and V2. 

d) Constant Current Sources 

The ICL8212 may be used as a constant current source 
of value of approximately 25mA by connecting the 
THRESHOLD terminal to GROUND. Similarly the ICL8211 
will provide a ISOjuA constant current source. The equiva- 
lent parallel resistance is in the tens of megohms over the 
supply voltage range of 2 to 30 volts. These constant 
current sources may be used to provide biasing for various 
circuitry including differential amplifiers and comparators. 
See Typical Operating Characteristics for complete informa- 
tion. 

e) Zener or Precision Voltage Reference 

The ICL8212 may be used to simulate a zener diode by 
connecting the OUTPUT terminal to the Vz output and 
using a resistor network connected to the THRESHOLD 
terminal to program the zener voltage 



(Vz. 



(R1+R2) 
R1 



X1.15 volts). 



Since there is no internal compensation in the ICL8212 it 
is necessary to use a large capacitor across the output to 
prevent oscillation. 

Zener voltages from 2 to 30 volts may be programmed 
and typical impedance values between SOOjuA and 25mA 
will range from 4 to 7^. The knee is sharper and occurs at a 
significantly lower current than other similar devices avail- 
able. 



u 

I = 2SmA (iCL8212) 
J}—, I = 130m A (ICL8211) 
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Figure 14: Constant Current 
Source Applications 
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Figure 15: Programmable Zener 
or Voltage Reference 
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Figure 16: Simple Voltage Regulator 



f) Precision Voltage Regulators 

The ICL8212 may be used as the controller for a highly 
stable series voltage regulator. The output voltage is simply 
programmed, using a resistor divider network R-i and R2. 
Two capacitors Ci and C2 are required to ensure stability 
since the ICL8212 is uncompensated internally. 
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g ICL8211/ICL8212 



CO 




Figure 17: High Voitage Dump Circuits 



This regulator may be used with lower input voltages than 
most other commercially available regulators and also 
consumes less power for a given output control current than 



any commercial regulator. Applications would therefore 
include battery operated equipment especially those oper- 
ating at low voltages, 
g) High supply voltage dump circuit 

In many circuit aplplications It is desirable to remove the 
power supply in the case of high voltage overload. For 
circuits consuming less than 5mA this may be achieved 
using an ICL821 1 driving the load directly. For higher load 
currents it is necessary to use an external pnp transistor or 
darlington pair driven by the output of the ICL8211. Resis- 
tors Ri and R2 set up the disconnect voltage and R3 
provides optional voltage hysteresis if so desired. 

h) Frequency limit detectors 

Simple frequency limit detectors providing a GO/ NO-GO 
output for use with varying amplitude input signals may be 
conveniently implemented with the ICL8211/8212. In the 
application shown, the first ICL8212 is used as a zero 
crossing detector. The output circuit consisting of R3, R4 
and C2 results in a slow output positive ramp. The negative 
range is much faster than the positive range. R5 and Re 
provide hysteresis so that under all circumstances the 
second ICL8212 is turned on for sufficient time to discharge 
C3. The time constant of R7 C3 is much greater than R4 C2. 
Depending upon the desired output polarities for low and 
high input frequencies, either an ICL8211 or an ICL8212 
may be used as the output driver. 

This circuit is sensitive to supply voltage variations and 
should be used with a stabilized power supply. At very low 
frequencies the output will switch at the input frequency. 




TIME CONSTANT R3 C2 < R4 C2 < R? C3 

VARY Ri FOR OPTION ZERO CROSSING DETECTION 

VARY R4 TO SET DETECTION FREQUENCY 
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BELOW fo 



'o FREQUENCY-*^ 

Figure 18: Frequency Limit Detector 
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ICL8211/ICL8212 

i) Switch bounce filter 

Single pole single throw (SPST) switches are less costly 
and more available than single pole double throw (SPOT) 
switches. SPST switches range from push button and slide 
types to calculator keyboards. A major problem with the use 
of switches is the mechanical bounce of the electrical 
contacts on closure. Contact bounce times can range from 
a fraction of a millisecond to several tens of milliseconds 
depending upon the switch type. During this contact bounce 
time the switch may make and break contact several times. 
The circuit shown in Figure 1 9 provides a rapid charge up of 
Ci to close to the positive supply yoltage (V ''' ) on a switch 
closure and a corresponding slow discharge of Ci on a 
switch break. By proportioning the time constant of Ri Ci to 
approximately the manufacturer's bounce time the output 
as terminal #4 of the ICL8211/8212 will be a single 
transition of state per desired switch closure. 

j) Low voltage power disconnector 

There are some classes of circuits that require the power 
supply to be disconnected if the power supply voltage falls 
below a certain value. As an example, the National LM199 
precision reference has an on chip heater which malfunc- 
tions with supply voltages below 9 volts causing an exces- 
sive device temperature. The ICL8212 may be used to 
detect a power supply voltage of 9 volts and turn the power 
supply off to the LM199 heater section below that voltage. 

For further applications, see A027 "Power Supply Design 
using the ICL8211 and ICL8212" by D. Watson. 
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Figure 19: Switch Bounce Filter 
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Figure 20: Low Voltage Power 
Supply Disconnect 
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IH5110»IH5115 

General Purpose Sample & Hold 




GENERAL DESCRIPTION 

Each of the 5110 family is a complete Sample and Hold 
circuit, (except for sampling capacitor) including input buffer 
amplifier, output buffer amplifier and CMOS switching logic. 
The devices are designed to operate from ± 1 5V and + 5V 
supplies. The input logic is designed to "Sample" and 
"Hold" from standard TTL logic levels. 

The design is such that the Input and output buffering is 
performed with only one operational amplifier, by switching 
the sampling capacitor from the output back to input. 
Switches Qi , Q2, and Q3 (see Figure 1 ) accomplish this 
switching. In the sampling mode Qi and Q3 are shorted and 
Q2 is open; thus the op. amp. charges up the sampling 
capacitor. In the hold mode Qi and Q3 are open and 62 is 
shorted; thus the sampling cap. is switched back to the 
noninverting input of the op. amp. 

This structure provides a very accurate d.c. gain of 1 with 
very fast settling times (I.e. 5jus). Additionally the design has 
Internal feedback to cancel charge injection effects (sample 
to hold offsets). Qi and Q2 are driven 180 degrees out of 
phase to accomplish this charge nulling. 

ORDERING INFORMATION 



FEATURES 

• Low Cost 

• Military and Industrial Temperature Ranges 

• ±10V Input Voltage Range 

• 0.6mV/Sec Drift Typical @ Cs = 0.01mF 

• TTL and CMOS Compatible 

• Short Circuit Protected 

• Input Offset Voltage Adjustable to < lOO/uV Using 
A 20kr2 Potentiometer 

• 0.1% Guaranteed Sample Accuracy With 10V 
Signals and Cs = 0.01iL(F 

• Sample to Hold Offset Is 5mV Max 



IH5110 M 



JE 



" Package 

JE = 16 pin CERDIP 
DE = 16 pin ceramic DIP (special order 
only) 

"Temperature Range 

M = Military (-55X to + 125°C) 
I = Industrial (-20°C to +85°C) 

"Basic Part Number 
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Figure 1: Functional Diagram 



Figure 2: Pin Configuration 
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IH5110— IH5115 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltages ±16V 

Power Dissipation 500mW 

Operating Temperature -25°C to 85°C 

-55°C to 125°C 



X 

I 

Storage Temperature Range -65°C to 150°C J 

Lead Temperature (Soldering, 10sec) 300°C g 



ELECTRICAL CHARACTERISTICS (Ta = 25°c, Pin 7 


' = 5V, Pin 8 = GND, Pin 9 = -15V, Pin 11 = 15V) Note 3 


SYMBOL 


CHARACTERISTIC 


IH5110, 5112, 


5114 


IH5111, 5113, 


5115 


UNIT 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


Close 


Aperture Time 




120 






200 




ns 


tacq 


Acquisition Time for Max Analog Voltage Step 

Cs = 01/iF (0.1% Accur.) 

Cs = O.OimF (0.1% Accur.) 

Cs = 0.001 juF (0.1% Accur.) See Figure 5 




4 


35 
6 
6 




25 
4 
4 


35 
6 
6 


MS 


Vdnft 


Dnft Rate 

Cs = 0.1mF 

Cs = 0.01mF 

Cs = 001jLiF See Figure 3 




0.3 
0.5 
2.0 


2.5 
5 
10 




0.3 
0.5 
2.0 


2.5 
5 
10 


mV/s 


Vinject 


Charge Injection or Sample to Hold Offsets 

Cs = 0.1iuF 

Cs = 0.01/uF 

Cs = 0,001 /LiF See Note 1 & Figure 4 




<1 
< 1 
12 


5 
5 
25 




<1 
<1 
12 


5 
5 
25 . 


mVp-p 


Vswitch 


Switching Transients or Spikes 

(Duration Less than 2axs) 

Cs = l/iF 

Cs = 0.01mF 

Cs = 0.001 mF See Figure 4 




0.1 
0.1 
0.2 


0.5 
05 
0.5 




0.1 
0.1 
0.2 


0.5 
0.5 
0.5 


V 


Vcouple 


A. C Feedthrough Coupled to Output 




5 






5 




mVp-p 


Voffset 


D.C. Offset When in 5110 
Sample Mode Tnmmable 5111 






40 






40 


mV 


to Om V With Ext 20k^ ciio 
Potentiometer ^^^3 






10 






10 


5114 
See Figure 3 5115 






5 






5 


Rin 


Input Impedance in Hold or Sample 
Mode (f<10Hz) 




100 






100 




MQ. 


l±15V 


Plus or Minus 15V Supply 
Quiescent Curreht 




3.4 


6 




3.4 


6 


mA 


l5V 


5V Supply Quiescent Current 




0.3 


10 




0.3 


10 


A 


Vanalog 


D C. Input Voltage Range 






±7.5 






±10 




AViN 


A C. Input Voltage Range 
See Note 2 & Figure 6 


15 






20 






V 


Istrobe 


TTL Logic Strobe Input Current in 
Either Hold or Sample Mode 




0.1 


10 




O.t 


10 


mA 




NOTES: 1. Offset voltage of op. amp. must be adjusted to OmV (using 20kl2 potentiometer) before charge injection is measured. 

2. The A.C. input voltage range differs from the D.C input voltage range. All versions will handle any analog input within the range of 

plus 10V to minus 10V; however the IH5110, 5112, 5114 has the added restriction that the peak to peak swing shoutd be less than 

15Vp-p Le. ±7.5 Vac. , 

3 All of the electrical characteristics specs, are guaranteed with Cs = 0.01mF in series with 100^2 as per Figure 3, Cs = 0.1/uF & 

Cs = 0.001 j^iF are for design. aid ooiy. 
4. If supplies are reduced to ±12VpC, analog signal range will be reduced to ±7Vp-p. , 
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£ APPLICATIONS INFORMATION 



llimi^DIL 
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NC 
NC 



•NOTE2 01mF 100, 
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TTL LOGIC STROBE 



IH5110 
THRU 
1H5115 



- S «. H OUTPUT 

- NC 



" 20k 15V 

►-« OFFSET 

POTENTIOMETER 



CD01920I 

NOTES: 1. To trim output offset to OmV, set strobe input to sample mode (3V), set analog input to GND, adjust potentiometer until S & H output is OmV 

2. Use a low dielectric absorption capacitor such as polystyrene. 
SAMPLE MODE occurs when logic input is greater than 2.4V. 
HOLD MODE occurs when logic input is less than 0.8V. 

Figure 3: Typical Connection Diagram 




CD01930I 

Adjust offset to OmV before testing for charge injection. See note 1. 
CHARGE INJECTION SWITCHING TRANSIENTS 





Va GND 
LOGIC INPUT 
Cs 01^.F 



UPPER TRACE 



Va - GND 
LOGIC INPUT = 
Cs = 01m» 



UPPER TRACE = 

LOWER TRACE = 500mV/OIV 
TIME = 10M«/cm 



Figure 4: Charge Injection (sample to hold offset) Measurement Circuit; 
also Switching Transients Test Circuit 
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IH5116— IH5115 



01 
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z 

01 
01 



ACQUISITION TIM^ 



OUTPUT 

TO 10 X SCOPE 

PROBE 





UPPER TRACE => 



LOWER TRACE 
TIME = 5/i«/cm 




NOTE: The acquisition time is actually a settling time spec, since the reading is only taken when the output has settled wjthin 1 % of its final value. The 
6/xs spec. (IH51 1 1, 51 13 & 51 15 is the worst reading of the ton or toff settling time shown abpve The above test can, be performed with a to 
+ 7.5V or to -7.5V step for the IH5110, 5112, 5114. 

Figure 5: Typical Circuit for IVIeasurement of A.C. Signai Handling Capability 
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To test this parameter, increase the amplitude of the signal 
generator until the output starts to distort (it will always show up on 
the positive excursion of the sine wave first); then back off until all 
distortion is gone. The resultant peak to peak swing must be 
greater than 15Vpp for the IH5110, 5112, 5114 and greater than 
20Vpp for the IH5111, 5113, 5115. 



A.C. PEAK TO PEAK 



AAAAA, 



TYP. rHSIII 



Va - -/- - X -j~ OV UPPER TRACE = -/ - -L - y ( 

LOGIC INPUT = +3V UPPER A 

Cs = O-OlAiF I = kHz LOWER TRACE = lOV/OiV 

TIME = Sms/cm 



Figure 6: Typical Circuit for Measurement of A.C. Peak to Peak Signal Handling Capability 
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IHSIIO— IH5115 



7 APPLICATION TIPS 



^ The following text serves as a guide in choosing the 

J5J correct device from the IH5110 farnily. 

I First, determine the input voltage range. , 

The even numbered parts are designed to switch smaller 
A.C. signal amplitudes with the goal being to minimize the 
charge injection effects (sample' to hpid offsets). This 
charge injection error is shown in Figure.4. Once the voltage 
offset is zeroed, the 51 10 h^s typical error anftplitudes of 1 
to 2mVp-p (corresponds to lOpc to 20pc of charge). Thus 
one could sample very low level d.c. signals with extreme 
accuracy. If very low ley^l A.C. sighals are being sampled, 
voltage offset potentiometer can be adjusted for a zero 
charge injection effect. Once the potentiometer has been 
adjusted, there will be a zero error going from sample to 
hold; however there will be a d.c. error caused by adjusting 
the potentiometer for zero charge injection and not for zero 
voltage offset. In general, this d.c. error will be in the area of 
2mV to 5mV. 

The odd numbered parts are primarily designed to handle 
any input in the plus or minus 10V range, regardless of 
whether it is A.C. or D.C; to obtain this, the charge injection 
is about a factor of 2 higher than the even numbered parts. 

The use of Varafet switching elements similar to Intersil's 
IH401/401A leads to a trade-off between AC signal swing 
and charge injection. 

After the voltage range and charge injection require- 
ments have been determined, ail that remains is to deter- 
mine the input offset voltage the system can tolerate. By 
using the higher numbered parts, it is possible to eliminate 
the offset potentiometer if system accuracy will allow 5mV 
(5114, 5115) or lOrfiV (5112, 5113) due to the low input 
offset voltage on these devices. 

The drift rate is specified at lOmV/sec. Max. for all 
models: this corresponds tb approximately lOOpA total 
leakage into a 0.01 juF sampling capacitor (Cs). While the 
lOmV/sec. is the Max. encountered, a more typical reading 
is less than ImV/sec. (true for any input betW^en -10V and 
+ 10V); tlius the IH51 id family is ideal for applications 
requiring very low drift or droop rates. 

The aperture time is spec'd at 200ns Max. for all models, 
but a more typical value is 1 50ns; this is basically the off 
time of switch Qi . The way this aperture time affects system 
accuracy is shown below: 

Assume the input signal to the Sample and Hold is an 
A.C. signal of peak amplitude A (peak to peak swing is 2A) 
and frequency 27rf = co, then Vjnput = Ae^^^ and dV/dt 



= jAcoeJ^*. This means the slope of input signal == (dV/dt) 
is a maximum at t (time) = 0. This maximum value is coA (in 
amplitude), (i.e.) input frequency is 10kHz, therefore dV/dt 
= coA = 6.28 X 1 0"^ X 1 0V = 6.3 X 1 0^V/sec. A = 1 0V, then 
slope or dV/dt = 0.63V/iLis. Now if we wish error to be a 
Max. of say 1 % of full scale 10V, we see that lOOmV (1 %/ 
aperture time = 0.63V/ius. Solving this equation we see that 
aperture time must be 160ns or less to get 1% holding 
accuracy. Since our aperture time is 1 50ns typical, we have 
1 % accuracy in holding 1 0kHz varying signals; for signal 
frequencies 1kHz and less. Max. error is 0.1%. The simple 
interpretation of just how the off time of the switch causes 
this system error is due to the fact a finite time is required 
for the switch to react to a hold command; this reaction time 
manifests itself with a system voltage error because the 
time varying input signal is changing to a new value before 
the switch has actually turned off. (i.e.) in the above 
example off = 1 0kHz and A = 1 0V, suppose we gave the 
hold command (thru TTL logic) at t = (A.C. signal goes 
thru zero pt.) At this point we have calculated the slope to 
be a Max. and equal to 0.63V/ias. If there were no aperture 
time error, we would read OV at output of Sample and Hold; 
however because of finite time for switch to respond to hold 
command, 1 50ns passes before switch goes off. During this 
150ns, the input signal has gone to lOOmV above or below 
OV, thus the stored value of signal will be lOOmV and that is 
the reading at the output of the Sample and Hold. If the 
input frequency were 1kHz, the "error voltage" would be 
lOmV. 

DEFINITION OF TERMS 

Aperture Time: The time it takes to switch from sample 
mode to hold mode and the actual opening of switch. 
Charge Injection: The amount of charge coupled across 
the switch with no input voltage. 
Drift Rate: The amount of drift of output voltage at a rate 
caused by current flow through the storage capacitor. 

fdV 



i dt c/ 

This current is the leakage across the switch and the 
amplifier's bias current. 

Feed Through: The amount of input signal that appears at 
the output when in the hold mode. Normally caused by 
capacitance across the switch. 

Offset Voltage: Voltage measured at output with no input 
voltage and circuit in sample mode. 
Acquisition Time: The time it takes amplifier to reach full 
scale output either plus or minus. 
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IH5110— IH5115 
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gi 



HI-SPEED SAMPLE AND HOLD 




OUTPUT 

TO 10 X SCOPE 

PROBE 

NC. 



15V 
- OFFSET 
POTENTIOMETER 




LOWER TRACE = 
TIME - 5M«/cm 



NOTE: Typical times for the Sample and Hold to acquire the input are 2/us for turn on (output) goes to + 10V and 3/lis for turn off (output goes down to 
OV). As a genera! note, all the electrical specifications are guaranteed with a sampling capacitor equal to 0.01 iuf. As the above application (Fig. 
6) shows, other values of sampling capacitors can be used but the best combinations of S & H specs may not result with values other than 
0.01 juF- The only advantage of using a 0.001 juF for Cs is the acquisition time is 2/bts typical instead of 5/zs typical (with 0.01 /uF; however the drift 
rate would be worse and charge injection would be affected). To minimize dnft rate, use a O.ljuF capacitor; this should produce a O.lmV/sec 
rate of change and a charge injection amplitude of 0.2mVp-p. Of course the acquisition time will be slowed down to the 25ms area. Also use a 
0.1 MS system for slow speed changes (i.e., input frequency is less than IkHz. The series resistor should be about 10012 - 200f2 to stabilize the 
system. 

Figure 7: Connection For Hi-Speed Sample and Hold With Following 
Typical Performance: W/Cs = 0.001 

a. 2jus settling time (acquisition time) to 1% accuracy 

b. 25mV charge injection amplitude 

c. 10mV/sec drift rate 
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Section 6 — Data Acquisition 




AD7520/AD7530 

AD7S21/AD7531 

10/12-Bit Multiplying 
D/A Converters 



GENERAL DESCRIPTION 

The AD7520/AD7530 and AD7521/A07531 are mono- 
lithic, high accuracy, low cost 10-bit and 12-bit resolution, 
multiplying digital-to-analog converters (DAC). Intersil's 
thin-film on CMOS processing gives up to 10-bit accuracy 
with TTL/CMOS compatible operation. Digital inputs are 
fully protected against static discharge by diodes to ground 
and positive supply. 

Typical applications include digital /analog interfacing, 
multiplication and division, programmable power supplies, 
CRT character generation, digitally controlled gain circuits, 
integrators and attenuators, etc. 

The AD7530 and AD7531 are identical to the AD7520 
and AD7521, respectively, with the exception of output 
leakage current and feedthrough specifications. 

ORDERING INFORMATION 




FEATURES 

• AD7520/AD7530: 10 Bit Resolution; 8, 9 and 10 
Bit Linearity 

• AD7521/AD7531: 12 Bit Resolution; 8, 9 and 10 
Bit Linearity 

• Low Power Dissipation: 20mW (Max) 

• Low Nonlinearity Tempco: 2 ppm of FSR/^'C 

• Current Settling Time: 500ns to 0.05% of FSR 

• Supply Voltage Range: -i-SV to -I-15V 

• TTL/CMOS Compatible 

• Full Input Static Protection 

• /883B Processed Versions Available 



> 
O 

01 
M 
O 

^^ 
•4 
01 
C*» 
O 
■^ 

01 

^1 
"^ 
Si 

01 



NONLINEARITY 


PART NUMBER/PACKAGE 


PLASTIC DIP 


CERDIP 


CERDIP 


0.2% (8-Bit) 


AD75I20JN 
AD7530JN 
AD7521JN 
AD7531JN 


AD7520JD 
AD7530JD 
AD7521JD 
AD7521JD 


AD7520SD 
AD7521SD 


0.1% (9-Bit) 


AD7520KN 
AD7530KN 
AD7521KN 
AD7531KN 


AD7520KD 
AD7530KD 
AD7521KD 
AD7531KD 


AD7520TD 
AD7521TD 


0.05% (10-Bit) 


AD7520LN 
AD7530LN 
AD7521LN 
AD7531LN 


AD7520LD 
AD7530LD 
AD7521LD 
AD7531LD 


AD7520UD 
AD7521UD 


TEMPERATURE 
RANGE 


0*^0 to +70"C 


-25X to +85**C 


- 55*^0 to +125^C 



A07521 (Ad7S31) 



tOKil lOKn 




AO7520 (AO7S30) 



lOUTI {T • 
•OUT2 [I 

QNDII 
BIT 1 (MSB)G: 
BIT 2 [I 
BIT3[£ 
BiT4CI 
BITSd 



lOUTl E 
^ RfEEOBACK iOUT2 (X 

ig VflEF QNO n 

13 V+ BIT 1 (MSB) E 



H] BIT 10 (LSB) 
13 BIT 9 
33 BIT 8 
igBIT7 
I] BIT 6 

CD03190I 



BIT 2 [I 
BIT3CE 
B!T4Q: 
BITS [I 
BIT • U 



m Rfeeoback 

lE VfiEF 

H] BIT 12 (LSB) 

ni BIT 11 

iH BIT 10 
ID BIT 9 
HI BIT a 
I11BIT7 

CD01320I 



(Switches shown for Digital Inputs "High") 
(Resistor values are nominal) 

Figure 1: Functional Diagram 



Figure 2: Pin Configurations 
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AD7520/7530/7521/7531 

ABSOLUTE MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 



Supply Voltage (V"^) + 17V 

Vref ■: ±25V 

Digital Input Voltage Range V^ to GND 

Output Voltage Compliance -100mV to V"*" 

Power Dissipation (package) 

up to +75°C 450mW 

derate above +75°C @ 6mW/°C 



Operating Temperature 

JN, KN, LN Versions ,.0°C to +70X 

JD, KD, LD Versions -25°C to 85°C 

SD. TD. UD Versions -55°C to +125°C 

Storage Temperature ..-65°C to 150°C 

Lead Temperature (Soldering, 10sec) 300°C 



CAUTION: 

1) The digital control inputs are zener protected; however, permanent damage may occur on unconnected units under high energy electrostatic 

fields. Keep unused units in conductive foam at all times. 
2> Do not apply voltages higher than Vdd or '©ss than GND potential on any terminal except Vref and RpEEDBACK- 

Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings only, and functional 
operation of the device at thes^ or any other conditions above those iridicated in the operational sections of the specifications is not implied. Exposure to 
absolute maximum rating conditions for Extended penods nriay affect device reliability. 

ELECTRICAL CHARACTERISTICS (V*" = +15V, Vref^ +10V, Ta = 25°C unless othen/vlse specified) 



PARAMETER 


TEST CONDITIONS 


AD7520 
(AD7530) 


AD7521 
(AD7531) 


UNIT 


LIMIT 


DC ACCURACY (Note 1) | 


Resolution 






10 1 12 


Bits 




Nonlinearity 
(Note 2) 


VERSION 


J 
S 

K 

T 

L 
U 


S, T, U. oyer -55°C to « 125''C 
-10V < Vref ^= 10V. 


Fig. 3 


0.2 (8-Bit) 


% of FSR 


Max 


Fig. 3 


0.1 (9-Bit) 


% of FSR 


Max 


Fig. S 


0.05 (10-Bit) 


% of FSR 


Max 


Nonlineanty Tempco 
(Notes 2 and 3) 


-10V < Vref 5 +10V 




2 


ppm of FSR/°C 


Max 


Gain Error (Note 2) 


0.3 


% of FSR 


Typ 


Gam Error Tempco (Notes 2 and 
3) 


10 


ppm of FSR/°C 


Max 


Output Leakage Current (either 
output) 


Over the specified temperature 
range 




200 
(300) 


nA 


Max 


Power Supply Rejection (Note 2) 




Fig. 4 


±0.005 


% of FSR/% 


Typ 


AC ACCURACY (Note 3) | 


Output Current Settling Time 


To 0.05% of FSR (Alt digital 
inputs low to high and high to 
low) 


Fig. 8 


500 


ns 


. Typ 


Feedthrough Error 


Vref = 20V pp, 100kHz 
(50kHz) All digital inputs low 


Fig. 7 


10 


mV pp 

____ 


Max 


REFERENCE INPUT | 


Input Resistance 


All digital inputs high 
IOUTI at ground. 




5k 
10k 
20k 


CI 


Min 
Typ 
Max 


ANALOd OUTPUT | 


Voltage Compliance (both oUtputs) 


(Note 3) 




See absolute max. ratings 






Output Capacitance * 
(Note 3) 


•OUTI 
IOUT2 


All digital inputs high 


Fig. 6 


120 
37 


PF 
pF 


Typ 
Typ 


IOUTI 
I6UT2 


Alt digital inputs low 


Fig. 6 


, 37 
120 


pF 
pF 


Typ 
Typ 


Output Noise (both outputs) 
(Note 3) 




Fig. 5 


Equivalent to lOk^ 
Johnson noise 




Typ 


DIGITAL INPUTS 


Low State Threshold 


Over the specified temp range 




0.8 


V 


Max 


High State Threshold 


2.4 


V 


Mm 


Input Current (low to high state) 


1 


HA 


Typ 


Input Coding 


See Tables 1 & 2 




Binary/Offset Binary 
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AD7520/7530/7521/7531 

ELECTRICAL CHARACTERISTICS (CONT.) 



PARAMETER 


TEST CONDITIONS 


AD7520 
(AD7530) 


AD7521 
(AD7531) 


UNIT 


LIMIT 


POWER REQUIREMENTS | 


Power Supply Voltage Range 






+ 5 to +15 


V 




1 + 


All digital inputs at OV or V + 




1 


UlA 


Typ 


All digital inputs high or low 




2 


mA 


Max 


Total Power Dissipation 
(Including the ladder network) 






20 


mW 


Typ 



> 

10 

o 

SI 
(II 

o 

01 
10 

01 



NOTES: 1. Full scale range (FSR) is 10V for unipolar and ±10V for bipolar i 

2. Using internal feedback resistor, RpEEDBACK: 

3. Guaranteed by design, not subject to test. 

4. Accuracy not guaranteed unless outputs at GND potential. 

TEST CIRCUITS note: The following test circuits 
apply for the AD7520. Similar circuits are used for the 
AD7530, AD7521 and AD7531. 



10 BIT 
BINARY 
COUNTER 



-Jnji 

CLOCK 



BIT 10 



r'"^^" »4 



3 ^H K 

IF" 1 .. 



2. 



12 BIT 

BIT10 tlEFERENCE 
OAC 




Figure 3: Nonlinearity 




lL-L_Jri 

|gnd I 



Figure 4: Power Supply Rejection 



*11V (ADJUST FOR VouT = OV) 



f = 1kHz 
BW = 1H|' 



100^ 



2^ r^VAAr^— ^AA^ 




,oi^^>ii^ 



TECH 
MODEL 
134D 
WAVE 
ANALYZER 



Figure 5: Noise 



T 




lOPE) (O^ 



1 100 mVp-p 
flMHz 



, ' TC02250I 

FigMre 6: Output Capacitance 



Vref = 20 V P-p 130 kHz SINE WAVE 




Figure 7: Feedthrough Error 
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§ AD7520/7530/7521/7531 



01 
ID 

O 
C9 
10 
1^ 

O 
M 
tt> 
l> 

O 
< 



llruxri - 



OiOITAL INPUT 




OSCILLOSCOPE 
+100 mV JXQ.,.. 



■Oi 



Figure 8: Output Current Settling Time 



DEFINITION OF TERMS 

NONLINEARITY: Error contributed by deviation of the DAC 
transfer function from a best straight line function. Normally 
expressed as a percentage of full scale range. For a 
multiplying DAC, this should hold true over the entire Vref 
range. 

RESOLUTION: Value of the LSB. For example, a unipolar 
converter with n bits has a resolution of (2"") (Vref)- A 
bipolar conyerter of n bits has a resolution of [2"'^"^)] 
[Vref]- Resolution in no way implies linearity. 
SETTLING TIME: Time required for the output function of 
the DAC to settle to within 1 /2 LSB for a given digital input 
stimulus, i.e., to Full Scale. 

GAIN: Ratio of the DAC's operational amplifier output 
voltage to the nominal input voltage value. 
FEEDTHROUGH ERROR: Error caused by capacitive cou- 
pling from Vref to output with all switches OFF. 
OUTPUT CAPACITANCE: Capacitance from Iquh and 
louT2 terminals to ground. 

OUTPUT LEAKAGE CURRENT: Current which appears on 
I0UT1 terminal with all digital inputs LOW or on louT2 
terminal when all inputs are HIGH. 

DETAILED DESCRIPTION 

The AD7520 (AD7530) and AD7521 (AD7531) are mono- 
lithic, multiplying D/A converters. A highly stable thin film R- 
2R resistor ladder network and NMOS SPDT switches form 
the basis of the converter circuit, CMOS level shifters permit 
low power TIL/CMOS compatible operation. An external 
voltage or current reference and an operational amplifier 
are all that is required for most voltage output applications. 

A simplified equivalent circuit of the DAC is shown in 
Figure 9. The NMOS SPDT switches steer the ladder leg 
currents between louTl and louT2 buses which must be 
held either at ground potential. This configuration maintains 



a constant current in each ladder leg independent of the 
input code. 




BD00470I 

(Switches shown for Digital Inputs "High") 

Figure 9: 7520/7521 Functional Diagram 



Converter errors are further reduced by using separate 
metal Interconnections between the major bits and the 
outputs. Use of high threshold switches reduces the offset 
(leakage) errors to a negligible level. 

The level shifter circuits are comprised of three inverters 
with a positive feedback from the output of the second to 
the first, (Figure 10). This configuration results in TTL/ 
CMOS compatible operation over the full military tempera- 
ture range. With the ladder SPDT switches driven by the 
level shifter, each switch is binarily weighted for an ON 
resistance proportional to the respective ladder leg current. 
This assures a constant voltage drop across each switch, 
creating equipotential terminations for the 2R ladder resis- 
tors and highly accurate leg currents. 



0TL/TTL/CMO8 



AAAr^-i] 



HHh HP HE- 



E 



M 



5 



H 



t 



'hftP 



5 



Figure 10: Ci\/IOS Switch 
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AD7520/7530/7521/7531 



DIGITAL 
INPUT 



BIT 10 (LSB) 




Figure 11: Unipolar Binary Operation 
(2-Quadrant i\/lultipiication) 



CODE TABLE - 



TABLE 1 

- UNIPOLAR BINARY OPERATION 



DIGITAL INPUT 


ANALOG OUTPUT 


1111111111 


-Vref (1-2-") 


1000000001 


-Vref(1/2 + 2-") 


1000000000 


-Vref/2 


, 0111111111 


-Vref (1/2 -2-") 


0000000001 


-Vref (2-") 


0000000000 






NOTE: 1. LSB = 2"" Vref 2. 



= 10 for 7520, 7530 
= 12 for 7521, 7531 



APPLICATIONS 
Unipolar Binary Operation 

The circuit configuration for operating the AD7520 
(AD7530) and AD7521 (AD7531) in unipolar mode is shown 
in Figure 1 1 . With positive and negative Vref values the 
circuit is capable of 2-Quadrant multiplication. The "Digital 
Input Code/ Analog Output Value" table for unipolar mode 
is given in Table 1. 
ZERO OFFSET ADJUSTMENT 

1. Connect all digital inputs to GND. 

2. Adjust the offset zero adjust trimpot of the output 
operational amplifier for OV ±1 mV at Vqut- 

GAIN ADJUSTIMENT 

1 . Connect all AD7520 (AD7530) or AD7521 (AD7531 ) 
digital inputs to V"*". 

2. Monitor Vqut for a -Vref (1-2"") reading, (n = 10 
for AD7520 (AD7530) and n = 12 for AD7521 
(AD7531)). 

3. To decrease Vqut. connect a series resistor (0 to 
50012) between the reference voltage and the Vref 
terminal. 

4. To increase Vqut. connect a series resistor (0 to 
50012) in the IquTi amplifier feedback loop. 

Bipolar (Offset Binary) Operation 

The circuit configuration for operating the AD7520 
(AD7530) or AD7521 (AD7531) in the bipolar mode is given 
in Figure 12. Using offset binary digital input codes and 
positive and negative reference voltage values, 4-Quadrant 
multiplication can be realized. The "Digital Input Code/ 
Analog Output Value" table for bipolar mode is given in 
Table 2. 



ni 



AO7S20 I ^AAr-t-AAA(^ ' 

lOUTz ii^fll 10K lU 10K ' ^ 




Figure 12: Bipolar Operation 
(4-Ouadant iVIultiplication) 



TABLE 2 

CODE TABLE — BIPOLAR (OFFSET BINARY) OPERATION 



DIGITAL INPUT 


ANALOG OUTPUT 


1111111111 


-Vref (1-2-^"-''^) 


1000000001 


-Vref (2-^"-''^) 


1000000000 





0111111111 


Vref (2-^"-"'^) 


0000000001 


Vref (1-2-^"-''^) 


0000000000 


Vref 



NOTE: 1. 

2. 



LSB = 2-^"-'') Vref 
n = 10 for 7520 and 7521 
n = 12 for 7530 and 7531 
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01 
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o 
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10 

01 



A "Logic 1" input at any digital input forces the corre- 
sponding ladder switch to steer the bit current to Iquti bus. 
A "Logic 0" input forces the bit current to louT2 bus. For 
any code the Iquti and louT2 bus currents are comple- 
ments of one another. The current amplifier at louT2 
changes the polarity of louT2 current and the transconduc- 
tance amplifier at Iquti output sums the two currents. This 
configuration doubles the output range but halves the 
resolution of the DAC. The difference current resulting at 
zero offset binary code, (MSB = "Logic 1", All other 
bits = "Logic 0"), is corrected by using an external resistor, 
(10 Megohm), from Vref to louT2- 
OFFSET ADJUSTMENT 

1. Adjust Vref to approximately +10V. 

2. Connect ail digital inputs to "Logic 1". 

3. Adjust loUT2 amplifier offset adjust trimpot for OV 
±1mV at louT2 amplifier output. 

4. Connect MSB (Bit 1) to "Logic 1" and all other bits 
to "Logic 0". 

5. Adjust Iquti amplifier offset adjust trimpot for OV ± 1 
mV at Vqut- 

GAIN ADJUSTl\/tENT 

1. Connect all digital inputs to V^. 

2. Monitor Vqut for a -Vref (1-2 -(""''b volts 
reading. (n = 10 for AD7520 and AD7530, and 
n = 12 for AD7521 and AD7531). 

3. To increase Vqut. connect a series resistor of up to 
500^ between Vqut and RpEEDBACK- 

4. To decrease Vqut. connect a series resistor of up 
to 500^ between the reference voltage and the 
Vref terminal. 
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Figure 13: Basic Power DAC 



POWER DAC DESIGN USING AD7520 

A typical power DAC designed for 8 bit accuracy and 10 
bit resolution is shown in Figure 13. An INTERSIL IH851D 
powdr operational amplifier (1 Amp continuous output at up 
to ±25V)' is driven by the AD7520. 

A summing amplifier between the ,Ap7520 and the 
IH8510 is used to separate the gain block cpntaining the 
AD7520 on-chip resistors from the power amplifier gain 
stage whose gain is set only by the external resistors. This 
approach minimizes drift since the resistor pail's wlir track 
properly. OthenA^ise the AD7520 can be directly connected 
to the IH&510, by using a 25V reference for the DAC. 

An important note on the AD7520/101A interfec^ con- 
cerns the conhection of pin 1 of the DAQ and pin 2 of the 
101 A. Since this point is the summing function of an 
amplifier with an AC gain of 50,000 Or better, stray 
csipacitance shQuld be minimized; otherwise instabilities 
and poor noise performance will result. Note that the output 
of the 101 A is fed into an inverting amplifier with a gain of 
~3, which can be easily changed to a non-inverting 
configuration. (For more information see: INTERSIL Appli- 
cation Bulletin A021: Power D/A Converters Using The 
IH8510 by Dick Wllenken.) 

Analog/Digital Division 

With the AD7520 connected in its normal multiplying 
configuration as shown in Figure 13, the transfer function is: 

/Ai A2 A3 An 

Vo=-V!n(^+ -I +_ + ..._ 

where the coefficients Ax assume a value of 1 for an ON bit 
and for an OFF bit. 

By connecting the DAC in the feedback of an operational 
amplifier, as shown in Figure 14, the transfer function 
becomes: 



Vo = 



-V|N 



Ai A2 _ A3 



r+. . . ^ 



An 
2" 



This is division of an analog variable (V||\|) by a digital 
word. With all bits off, the amplifier saturates to its bound, 
since division by zero isn't defined. With the LSB (Bit-10) 
ON, the gain is 1023. With all bits ON,^ the gain is 1 (±1 
LSB). 



BIT-1 (MSB) 



DIGITAL 
INPUT 




Figure 14: Anaiog/Digitat Divider 



For further information on the use of this device, see the 
following Application Bulletins: 



A016 
A018 

A020 



A021 



"Selecting A/D Converters," by David Fullagar 

"Do's and Don'ts of Applying A/D Converters," by 

Peter Bradshaw and Skip Osgood 

"A Cookbook Approach to High-Speed Data 

Acquisition and Microprocessor Interfacing" by Ed 

Sliger 

"Power D/A Converters Using the IH8510," by Dick 

Wllenken 



Note: All typrcal values have been guaranteed by characterization and are not tested. 



AD7523 

8~Bit Multiplying 
D/A Converter 




:<a 



o 

CI 



GENERAL DESCRIPTION 

The AD7523, is a monolithic, low cost, high performance, 
10 bit accurate, multiplying digital-to-analog converter 
(DAC), in a 16-pin Dlf^. 

Intersil's thin-film resistors on CMOS circuitry provide 8- 
t>it resolution (8, 9 and 10-bit accuracy), with TTL/CMOS 
compatible operation. 

The AD7523's accurate four quadrant multiplication, full 
military temperature range operation, full input protection 
from damage due to static discharge by clamps to V + and 
GND, and very low power dissipation make it a very 
versatile converter. 

Low noise audio gain controls, motor speed controls, 
digitally controlled gain and attenuators are a few of the 
wide range of applications of the 7523. 

ORDERING INFORMATION 



NONUNEARITY 


PART NUMBER/PACKAGE 


PLASTIC DIP 


CERDIP 


CERDIP 


0.2% 
(8 Bit) 


AD7523JN 


AD7523AD 


AD7523SD 


0.1% 
(9 Bit) 


AD7523KN 


AD7523BD 


AD7523TD 


0.05% 
(10 Bit) 


AD7523LN 


AD7523CD 


AD7523UD 


TEMPERATURE 
RANGE 


OX to +70°C 


-25X to 
+ 85°C 


-55X to 
+ 125X 



FEATURES 

• 8, 9 and 10 Bit Linearity 

• Low Gain and Linearity Temperature Coefficients 

• Fuii Temperature Range Operation 

• Static Oisctiarge Input Protection 

• dTL/TTL/CIViOS Compatible 

• 4-5 to +15 Volts Supply Range 

• Fast Settling Time: 150ns Max at 25X 

• Four Quadrant Multiplication 



lOKlt lOKn 




OUT1 \T 
0UT2 [T 

gnd|T 

BIT 1 (MSB) [7 
BIT2[5 
BIT 3 |T 
BIT 4 [T 
BITS \J 



AD7523 



iej RfEEDBACK 

lH VrefIN 

13 v+ 

13| NC 

12| NC 

jl] BIT 8 (LSB) 

10| BIT? 

9] BIT 6 



Figure 1: Functional Diagram 
(Switches shown for Digital Inputs "High") 



Figure 2: Pin Configuration 
Outline Drawings DE, PE 
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AD7520 

ABSOLUTE MAXIMUM RATINGS (Ta = 25X unless otherwise noted) 



Supply Voltage (V + ) + 17V 

Vref :■ ±25V 

Digital Input Voltage Range V"*" to GND 

Output Voltage Compliance -100mV to V"^ 

Power Dissipation: 
Plastic Package — 

up to +70**C., 670mW 

derate above +70°C by 8.3mW/°C 



Ceramic Package — 

up to 75'*C 450mW 

derate above 75°C by 6m\NrC 

Operating Temperatures 

JN, KN, LN Versions 0°C to +70°C 

AD, BD, CD Versions -25°C to +85°C 

SD, TD, UD Versions -SS'^C to +125°C 

Storage Temperature -65°C to +150°C 

Lead Temperature (Soldering, 10sec) +300°C 

CAUTION: 

1. The digital control inputs are zener protected; however, permanent damage may occur on unconnected units under high energy electrostatic 
fields. Keep unused units in conductive foam at all times. 

2. Do not apply voltages higher than VDD and lower than GND to any terminal except Vref + ^FEEDBACK- 

Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings only, and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 

ELECTRICAL CHARACTERISTICS (V+ = +15V. Vref= +10V unless othen/vlse specified) 



PARAMETER 


TEST CONDITIONS 


Ta 
+ 25''C 


Ta 

MIN-MAX 


UNIT 


LIMIT 


DC ACCURACY (Note 1) | 


Resolution 




8 


8 


Bits 


Min 


Nonlinearity (Note 2) 


(±1/2 LSB) 


-10V < Vref ^ +10V ' 

VOUT1=VOUT2 = OV 


±0.2 


±0.2 


% of FSR 


Max 


(±V4 LSB) 


±0.1 


±0.1 


% of FSR 


Max 


(±V8 LSB) 


±0.05 


±0.05 


% of FSR 


Max 


Monotonicity 




Guaranteed 




Gain Error (Note 2) 


Digital Inputs high. 


±1.5 1 ±1.8 


% of FSR 


Max 


Nonlinearity Tempco (Notes 2 and 3) 


-10V Vref +10V 


2 


ppm of fsnrc 


Max 


Gam Error Tempco (Notes 2 and 3) 


10 


ppm of FSR/'C 


Max 


Output Leakage Current (either output) 


VoUT1 = VoUT2 = 


±50 1 ±200 


nA 


Max 


AC ACCURACY | 


Power Supply Rejection (Note 2) 


V"^ =14.0 to 15.0V 


0.02 


0.03 


. % of FSR 


Max 


Output Current Settling Time (Note 3) 


To 0.2% Of FSR, Rl= 100J2 


150 


200 


ns 


Max 


Feedthrough Error (Note 3) 


Vref = 20V pp, 200kHz sine wave. All 
digital inputs low. 


±V2 


±1 


LSB 


Max 


REFERENCE INPUT | 


Input Resistance (Pin 15) 


All digital inputs high. Iquti at ground. 


5K 


^ 


Min 


20K 


Max 


Temperature Coefficient (Note 3) 


-500 


ppm/°C 


Max 


ANALOG OUTPUT | 


Output Capacitance 
(Note 3) 


Cquti 


All digital inputs high (VINH) 


100 


PF 


Max 


C0UT2 


30 


PF 


Max 


Cquti 


All digital inputs low (VINL) 


30 


pF 


Max 


C0UT2 


100 


PF 


Max 


DIGITAL INPUTS | 


Low State Threshold (Vinl) 




0.8 


V 


Max 


High State Threshold (Vinh) 


2.4 


V 


Min 


Input Current (Low or high) 


V|N«=OV or +15V 


±1 


MA 


Max 


Input Coding 


See Tables 1 & 2 


Binary/Offset Binary 






Input Capacitance (Note 3) 


, 


4 


pF 


Max 


POWER REQUIREMENTS | 


Power Supply Voltage Range 


Accuracy is tested and guaranteed at 
V+ = +15V, only. 


+ 5 to +16 


V 




1 + 


All digital inputs low or high. 


2 


mA 


Max 



; 1. Full scale range (FSR) is 10V for unipolar and ±10V for bipolar modes. 

2. Using internal feedback resistor, Rfeedback- 

3. Guaranteed by design; not subject to test. 

4. Accuracy not guaranteed unless outputs at ground potential. 
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AD7523 

APPLICATIONS 
UNIPOLAR OPERATION 



NOTES. 

1 R1 ANO R2 USED ONLY IF GAIN 

ADJUSTMENT IS REQUIRED. 
2. CR1 PROTECTS AD7S23 AGAINST 

NEGATIVE TRANSIENTS 




Figure 3: Unipolar Binary Operation 



Table 1. Unipolar Binary Code Table 


DIGITAL INPUT 


ANALOG OUTPUT 


MSB LSB 




11111111 


255 
-^"^^ 256 


10000001 


-^''- 256) 


10000000 


— a=-^ 


01111111 


127\ 

-^-^ 255) 


00000001 


-""^^ 256) 


00000000 


-^-^ &i-° 



NOTE: 1 LSB = (2-8) (Vref) = {— j (Vref) 



BIPOLAR OPERATION 



> 
01 

10 




NOTES: 

1. R3/R4 MATCH 0.1% OR BETTER. 

2. R1, R2 USED ONLY IF GAIN 
ADJUSTMENT IS REQUIRED. 



TC02290I 

3. R5-R7 USED TO ADJUST VquT = OV 
AT INPUT CODE 10000000. 

4. CR1 & CR2 PROTECT AD7523 
AGAINST NEGATIVE TRANSIENTS. 



Figure 4: Bipolar Operation 



Table 2. Bipolar (Offset Binary) Code Table 


DIGITAL INPUT 


ANALOG OUTPUT 


MSB LSB 




11111111 


-'^'^ Us) 


10000001 


-^-^ 128 


10000000 





01111111 


-VREr / ^ 


00000001 


127 
128 


00000000 


128 



NOTE: 1 LSB ±=(2-7) (Vref) = (— ) (Vref) 



A typical power DAC designed for 10 bit accuracy and 8 
bit resolution is shown in Figure 5. The Intersil IH8510 
power operational amplifier (1 Amp continuous output with 
up to +25V) Is driven by the AD7523. 

A summing amplifier between the AD7523 and the 
IH8510 is used to separate the gain block containing the 
AD7520 on-chip resistors from the power amplifier gain 
stage, whose gain is set only by the external resistors. This 
approach minimizes drift since the resistor pairs will track 
properly. Otherwise AD7523 can be directly connected to 
the IH8510, by using a 25 volt reference for the DAC. 



Note: All typical values have been guaranteed by characterization and are not tested. 



§ 



AD7523 



POWER DAC DESIGN USING AD7523 




Figure 5: Basic Power DAC Design 



„i25i-»" 




MSB DIQITAt. 
I INPUT 



VOUT = - Vin/d 

WHERE: 

O^BITI am BITS 

21 22 * 28 



(--1) 



Figure 6: Divider (Digitally Controlled Gain) 




{(li^)-(s!^)]' 



. BIT1 BIT 2 BIT 8 



h°^l) 



Figure 7: Modified Scale Factor and Offset 



DEFINITION OF TERMS 

NONLINEARITY: Error contributed by deviation of the DAC 
transfer function from a best straight line function. Normally 
expressed as a percentage of full scale range. For a 
multiplying DAC, this should hold true over the entire Vref 
range. 

RESOLUTION: Value of the LSB. For example, a unipolar 
converter with n bits has a resolution of (2~") (Vrff)- A 
bipolar converter of n bits has a resolution of [2""'^"^^] 
[Vref]- Resolution in no way implies linearity. 
SETTLING TIME: Time required for the output function of 
the DAC to settle to within V2 LSB for a given digital input 
stimulus, i.e., to Full Scale. 

GAIN: Ratio of the DAC's operational amplifier output 
voltage to the nominal input voltage value. 
FEEDTHROUGH ERROR: Error caused by capacitive cou- 
pling from Vref to output with all switches OFF. 
OUTPUT CAPACITANCE: Capacity from Iquti and louT2 
terminals to ground. 

OUTPUT LEAKAGE CURRENT: Current which appears on 
IOUTI terminal with all digital inputs LOW or on I0UT2 
terminal when all inputs are HIGH. 

For further information on the use of this device, see the 
following Application Notes: 



A016 
A018 

A020 



A021 



"Selecting A/D Converters," by David Fullagar 

"Do's and Don'ts of Applying A/D Converters," by 

Peter Bradshaw and Skip Osgood 

"A Cookbook Approach to High-Speed Data 

Acquisition and Mici-oprocessor Interfacing" by Ed 

Sliger 

"Power D/A Converters Using the IH8510," by Dick 

Wilenken 
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AD7533 

10-Bit Multiplying 
D/A Converter 




D 



GENERAL DESCRIPTION 

The Intersil AD7533 is a low cost, monolithic 10-bit, four- 
quadrant multiplying digital-to-analog converter (DAC). In- 
tersil's thin-film resistor on CMOS circuitry provide 10, 9 and 
8 bit accuracy, full temperature range operation, -i-5V to 
+ 15V supply voltage range, full input protection from 
damage due to static discharge by clamps to V"*" and 
ground and very low power dissipation. 

Pin and function equivalent to the industry standard 
AD7520, the AD7533 is recommended as a lower cost 
alternative for old or new 10-blt DAC designs. 

Applications for the AD7533 Include programmable gain 
amplifiers, digitally controlled attenuators, function genera- 
tors and control systems. 

ORDERING INFORMATION 



NONLINEARITY 


TEMPERATURE RANGE 


0°C to 
+ 70°C 


-25°C to 
+ 85°C 


-55°C to 
+ 125°C 


±0.2% 
(8-bit) 


. AD7533JN 


AD7533AD 


AD7533SD 


±0.1% 
(9-bit) 


AD7533KN 


AD7533BD 


AD7533TD 


±0 05% 
(10-blt) 


AD7533LN 


AD7533CD 


AD7533UD 



FEATURES 

• Lowest Cost 10-Bit DAC 

• 8, 9 and 10 Bit Linearity 

• Low Gain and Linearity Tempcos 

• Fuii Temperature Range Operation 

• Fuii input Static Protection 

• TTL/CiViOS Direct Interface 

• +5 to +15 Volts Supply Range 

• Low Power Dissipation 

• Fast Settling Time 

• Four Quadrant lyAultiplication 

• Direct AD7520 Equivalent 

• 883B Processed Versions Available 



PACKAGE IDENTIFICATION 

AD7533 I D 



~ Package 
D — 18-Pin CERDIP DIP 
N — 18-Pin Plastic DIP 

" Nonlinearity and Temperature Range 
J, K,L — Commercial 

0°C to + 70°C 
A,B — Industnal 

-25°C to + 85°C 
S,T — Military 

-55°C to -i-125°C 



"Basic Part Number 



10KI1 lOKn lOKri 




I i> 6 

MSB BIT2 BIT3 

(4) (5) (6) 



-J OlouTl(l) 

lOKn „ 

L^yys^^^^ Rfeedback 



Figure 1: Functional Diagram 



0UT1 \T 
0UT2 |T 
GND [T 
BIT 1 (MSB) [T 
BIT 2 jT 
BJT3 \T 
BIT 4 [7 
BITS jT 



li) Rfeedback 

Js\ VrefIN 

14j V+ 

lH BIT 10 (LSB) 

12] BITS 

1l] BITS 

lOJ BIT? 

T\ BIT 6 



CD01340I 

Figure 2: Pin Configuration 
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AD7533 

ABSOLUTE MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 



IDMl^Dd 



V+,.. + 17V 

VreF ^: ±25V 

Digital Input Voltage Range V"^ to GND 

Output Voltage Compliance -0.1V to V"*" 

Power Dissipation 
Ceramic Package: 

up to +75X ,...: 450mW 

derates above + 75°C by 6mW/°C 



Plastic Package: 

up to 70X 670mW 

derates above 70°C by 8.3mW/X 

Operating Temperature Range: 

JN, KN, LN Versions OX to +70°C 

AD, BD, CD Versions -25°C to 85X 

SD. TD, UD Versions -55°C to +125°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 1 0sec)- + 300°C 

CAUTrON: 

1. The digital control inputs are zener protected; however, permanent damage may occur on unconnected units under high energy electrostatic fields. Keep 
unused units in conductive foam at all tinges. 

2. Do not apply voltages lower than ground or higher than V"*" to any pin except Vref and Rfb- 

Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings only, and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 

ELECTRICAL CHARACTERISTICS 

(V*" = +15V, Vref= +10V, Vquti = Vqutz = unless othenwise specified.) 



PARAMETER 


TEST CONDITIONS 


Ta 
+ 25°C 


Ta 
MIN-MAX 


LIMIT 


UNIT 


DC ACCURACY (Note 1) | 


Resolution 




10 


10 


Mm 


Bits 


Nonlinearity (Note 2) 


-10V < Vref ^ +10V 
Vquti = Vout2 = ov 


±0.2 


±0.2 


Max 


% of FSR 


±0.1 


±0.1 


Max 


% of FSR 


±0.05 


±0.05 


Max 


% of FSR 


Gam Error (Note 2 and 5) 


Digital Inputs = V|NH 


±1.4 


±1.5 


Max 


% of FS 


Output Leakage Current (either output) 


Vref = ± 10V 


±50 


±200 


Max 


nA 


AC ACCURACY | 


Power Supply Rejection (Note 2) 


V+ =14.0 to 17.0V 


0.005 


0.008 


Max 


% of FSR/% 


Output Current Settling Time (Note 3) 


To 0.05% Of FSR, RL=100n 


600 
(Note 6) 


800 
(Note 3) 


Max 


ns 


Feedthrough Error (Note 3) 


Vref = ± 10V, 100kHz Sine wave. 
Digital inputs low. 


±0.05 


±0.1 


Max 


% FSR 


REFERENCE INPUT | 


Input Resistance (Pin 15) 


All digital inputs high. 


5k 


Min 


Q. , 


20k,. 


Max > 


Temperature Coefficient 




-300 


Typ 


ppm/X 


ANALOG OUTPUT | 


Voltage Compliance (Note 3) 


Both outputs. 

See maximum ratings 


-lOOmV to V^ 






Output Capacitance (Note 3) 


C0UTI 


All digital inputs high (V|nh) 


100 


Max 


PF 


C0UT2 


35 


Max 


PF 


C0UTI 


All digital inputs low (V|nl) 


35 


Max 


pF 


C0UT2 


100 


Max 


pF 


DIGITAL INPUTS 


Low State Threshold (VINL) 




0.8 


Max 


V 


High State Threshold (VINH) 


2.4 


Min 


V 


Input Current (I|n) 


V|N = 0VandV + 


±1 


Max 


^iA 


Input Coding 


See Tables 1 & 2 


Binary/Offset Binary 






Input Capacitance (Note 3) 




5 


Max 


pF 
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AD7533 

ELECTRICAL CHARACTERISTICS (CONT.) 



PARAMETER 


TEST CONDITIONS 


Ta 

+ 25°C 


Ta 

MIN-MAX 


LIMIT 


UNIT 


POWER REQUIREMENTS 


Vdd 


Rated Accuracy 


+ 15 ±10% 




V 


Power Supply Voltage Range 




+ 5 to +16 




V 


1 + 


Digital Inputs = V|nl to V|nh 


2 


Max 


mA 


Digital Inputs = OV or V + 


100 1 150 


Max 


ma 



> 

D 

Q 
CO 



NOTES: 1. Full scale range (FSR) is 10V for unipolar and ±10V for bipolar modes. 

2. Using internal feedback resistor, R FEEDBACK- 

3. Guaranteed by design; not subject to test. 

4. Accuracy not guaranteed unless outputs at ground potential 

5. Full scale (FS) = -(Vref) • (1023/1024) 

6. Sannple tested to ensure specification compliance. 

DETAILED DESCRIPTION 

The Intersil AD7533 Is a 10 bit, monolithic, multiplying 
D/A converter. A highly stable thin film R-2R resistor ladder 
network and NMOS SPOT switches form the basis of the 
converter circuit. CMOS level shifters permit low power 
TIL/CMOS compatible operation. An external voltage or 
current reference and an operational amplifier are all that is 
required for most voltage output applications. 




SPOT ^1 4 

switches' 



LC00680I 

(Switches shown for Digital Inputs "High") 
Figure 3 



A simplified equivalent circuit of the DAC is shown in 
Figure 3. The NMOS SPOT switches steer the ladder leg 
currents between I0UT1 and I0UT2 busses which must be 
held at ground potential. This configuration maintains a 



Specifications subject to 
change without notice. 



constant current in each ladder leg independent of the input 
code. 



DTLHTL/CMOS 

— ^ ^AA^~-<-i-|U2 

IMDi IT - - "—I 




HRH 



S 



TQ LADDER 



HE 



1 



Figure 4 



5' 



3|J 



l0UT2 lOUTI 



The level shifter circuits are comprised of three inverters 
with a positive feedback from the output of the second to 
the first, (Figure 4). This configuration results in TTL/CMOS 
compatible operation over the full military temperature 
range. With the ladder SPOT switches driven by the level 
shifter, each switch is binarily weighted for an "ON" 
resistance proportional to the respective ladder leg current. 
This assures a constant voltage drop across each switch, 
creating equipotential terminations for the 2R ladder resis- 
tors resulting in accurate leg currents. 
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AD7533 



< APPLICATIONS 

UNIPOLAR OPERATION 
(2-QUADRANT MULTIPLICATION) 



BIPOLAR 
ANALOG ±10V 
INPUT 




UNIPOLAR ) MSB 
DIGITAL ! 
INPUT 



NOTES: !nl1. R1 and R2 used only if gain adjustment is 
required. 

2. Schottlcy diode CR1 (HP5082-2811 or equiv) protects 
OUT 1 terminal against negative transients. 

Figure 5: Unipolar Binary Operation 
(2-Quadrant Multiplication) 



Table 1. Unipolar Binary Code 


DIGITAL INPUT 


NOMINAL ANALOG OUTPUT 


MSB LSB 


(VoUT as shown in Figure 3) 


1111111111 


/1023V 


1000000001 


/513\ 
-^"^^ il024) 


1000000000 


512 > Vref 
-""^^ 1024)'- 2 


0111111111 


5111 


0000000001 


,-^-^, w} 


0000000000 


, -^"^^ (1024=° 



NOTES: 1 Nominal Full Scale for the circuit of Figure 3 is given by 

/1023\ 
FS=-Vref 

2. Nominal LSB magnitude for the circuit of Figure 3 is given 
by 

LSB = Vref [ 1 

\1024/ 



BIPOLAR OPERATION 
(4-QUADRANT MULTIPLICATION) 



RSIOOk 

R7 IMn 



R2 1k 



OUT2 R4 5k R3 5k T 



t>^ 




CR2ik 



NOTES: 

1. R3/R4 match 0.05% or better. 

2. R1 and R2 used only if gain adjustment is required. 

3. SGtiotticy diodes CR1 and CR2 (HP5082-2811 or equiv) 
protect 0UT1 and 0UT2 terminals against negative 
transients. 

Figure 6: Bipolar Operation 
(4-Quadrant Multiplication) 



Table 2. 


Bipolar (Offset Binary) 
Code Table 


DIGITAL INPUT 


NOMINAL ANALOG OUTPUT 


MSB LSB 




(VouT as shown in Figure 4) 


1111111111 




511\ 

-^"- 512) 


1000000001 




-Vref ^) 


1000000000 







0111111111 




'""'' L 


0000000001 




^^-^K 


0000000000 




512 



NOTES: 1. Nominal Full Scale for the circuit of Figure 4 is given by 

/1023\ 
FSR-Vbep (— ) 

2. Nominal LSB magnitude for the circuit of Figure 4 is given 
by 

LSB = V.EP (^) 
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AD7533 

POWER DAC DESIGN USING AD7533 



> 
o 

01 



E 



BITi 
SWITCHES i 



INTERSIL , 



- Vr6f (±10V) 
-■•-15V 
-NC 
NC 



:} 



SWirCHES 



lOOpf 




10K(1 




30pF 



Figure 7: Basic Power DAC 



A typical power DAC designed for 8 bit accuracy and 10 
bit resolution is shown in Figure 7. INTERSIL IH8510 power 
amplifier (1 Amp continuous output with up to ±25V) is 
driven by the AD7533. 

A summing amplifier between the AD7533 and the 
IH8510 is used to separate the gain block containing the 
AD7533 on-chip resistors from the power amplifier gain 
stage whose gain is set only by the external resistors. This 
approach minimizes drift since the resistor pairs will track 
properly. Otherwise the AD7533 can be directly connected 
to the IH8510, by using a 25 volts reference for the DAC. 
Notice that the output of the LM101 A Is fed into an Inverting 
amplifier with a gain of -3, which can be easily changed to 
a non-inverting configuration. (For more information write 
for: INTERSIL Application Bulletin A021 -Power D/A Con- 
verters Using The IH8510 by Dick Wilenken.) 




Rt = 10kn 

< N < (1 - 2-10) 



Figure 9: Programmable Function Generator 



±10V 

liPOLAR 

ANALOG INmjT 

V+ 



V 






Ivref ? 



pp 




VOUT 



1/2 
IH5140 



Figure 8: 10-Bit and Sign l\/lultiptying DAC 



INPUT SIGNAL WARNING 

Because of the input protection diodes on the logic 
Inputs, it is important that no voltage greater than 4y 
outside the logic supply rails be applied to these inputs at 
any time, including power-up and other transients. To do so 
could cause destructive SCR latch-up. 
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g 12-Bit Multiplying 
* D/A Converter 




:^ 



GENERAL DESCRIPTION 

The Intersil AD7541 is a monolithic, low cost, high 
performance, 12-bit accurate, multiplying digital-to-analog 
converter (DAC). 

Intersil's wafer level laser-trimmed thin-film resistors on 
CMOS circuitry provide true 12-bit linearity with TTL/CMOS 
compatible operation. 

Special tabbed-resistor geometries (improving time sta- 
bility), full input protection from damage due to static 
discharge by diode clamps to V + and ground, large Iquti 
and loUT2 bus lines (improving superposition errors) are 
some of the features offered by Intersil AD7541. 

Pin compatible with AD7521, this new DAC provides 
accurate four quadrant multiplication over the full military 
temperature range. 

ORDERING INFORMATION 



NONLINEARITY 


PART NUMBER/TEMPERATURE RANGE 


OX to 
+ 70X 


-25°C to 
+ 85X 


-55X to 
+ 125X 


0.02% 
(11 -bit) 


AD7541JN 


AiD7541AD 


AD7541SD 


0.01% 
•(12-W 


AD7541KN 


AD7541BD 


AD7541TD 


0.01% 
(12-bit) 
Guaranteed 
Monotonic 


AD7541LN 


- 


- 



FEATURES 

• 12 Bit Linearity (0.01%) 

• Pretrimmed Gain 

• Low Gain and Linearity tempcos 

• Fuil Temperature R^nge Operation 

• Fuil Input Statip Protection 

• DTL/TTL/CMOS Compatible 

• +5 to +15 Volts Supply Range 

• Low Power Dissipation (20mW) 

• Current Settling Time: 1/us to 0.01% of FSR 

• Four Quadrant l\/lultlplication 

• 883B Processed Versions Available 





Figure 1: Functional Diagram 
(Switches shown for Digital Inputs 'High') 



CD01350I 

Figure 2: Pin Configuration 
(Outline dwgs DN, PN) 
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AD7541 

ABSOLUTE MAXIMUM RATINGS (Ta = 25X unless otherwise noted) 



Operating Temperature Range: 

JN. KN, LN Versions OX to +70X 

AD, BD Versions -25X to +85X 

SD, TD Versions -55°C to +125X 

Storage Temperature -65°C to +150°C 

Lead Temperature (Soldering, 10sec) 300°C 



V+ + 17V 

Vref ±25V 

Digital Input Voltage Range GND to V"^ 

Output Voltage Compliance ~100mV to V^ 

Power Dissipation (package): 

up to +75X 450mW 

derate above +75°C by 6mW/X 

CAUTION 

I.The digital control inputs are zener protected; however, permanent damage may occur on unconnected units under high energy electrostatic fields. Keep 

unused units in conductive foam at all times. 
2. Do not apply voltages higher than Vdd or 'ess than GND potential on any terminal except Vref and Rfb- 

Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings only, and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to 
absolute maximum rating conditions for extended period may affect device reliability. 

ELECTRICAL CHARACTERISTICS (V+ = +15V, Vref= +10V, Ta = 25X unless othen^^ise specified) 



PARAMETER 


TEST CONDITIONS 


TA 
+ 25X 


TA 
MIN-MAX 


LIMIT 


FIG. 


UNIT 


DC ACCURACY (Note 1) | 


Resolution 




12 


12 


Mm 




Bits 


Nonlinearity (Note 2) 


S 


J 


-10V < Vref ^ +10V 

VoUT1=VouT2= OV 


±0.024 


±0.024 


Max 


1 


% of FSR 


T 


K 


±0.012 


±0.012 


Max 


% of FSR 




L 


±0.012 ±0.012 
Guaranteed Monotonic 


Max 


% of FSR 


Gam Error (Note 2) 


-10V < Vref ^ +10V 


±0.3 


±0.4 


Max 




% of FSR 


Output Leakage Current (either output) 


VquTI = VoUT2 = 


±50 


±200 


Max 




nA 


AC ACCURACY (Note 3) | 


Power Supply Rejection (Note 2) 


V+ =14 5 to 15.5V 


±0.01 1 ±0.02 


Max 


2 


% of FSR/'% 


Output Current Settling Time 


To 0.01% Of FSR 


1 


Max 


6 


MS 


Feedthrough Error 


Vref = 20V pp, 10kHz. All digital 
inputs low. 


1 


Max 


5 


mV pp 


REFERENCE INPUT | 


Input Resistance 


All digital inputs high. 
Iquti at ground. 


5K 


Min 




Q. 


10K 


Typ 


20K 


Max 


ANALOG OUTPUT | 


Voltage Compliance (Note 4) 


Both outputs. 

See maximum ratings. 


-100mV to V"^ 








Output Capacitance (Note 3) 


Cquti 

CoUT2 


All digital inputs high (V|nh) 


200 
60 


Max 
Max 


4 


PF 
pF 


Cquti 

C0UT2 


All digital inputs low (V|nl) 


60 
200 


Max 
Max 


4 


pF 
pF 


Output Noise (both outputs) 




Equivalent to lOK^ 
Johnson noise 


Typ 


3 




DIGITAL INPUTS | 


Low State Threshold (V|nl) 




0.8 


Max 




V 


High State Threshold (Vinh) 


2.4 


Mm 


V 


Input Current 


V|N = or V + 


±1 


Max 




mA 


Input Coding 


See Tables 1 & 2 


Binary/Offset Binary 








Input Capacitance (Note 3) 




8 


Max 




pF 


POWER REQUIREMENTS | 


Power Supply Voltage Range 


Accuracy is not guaranteed 
over this range 


+ 5 to +16 






V 


1 + 


All digital inputs high or low 


2 0/2 5 . 


Max 




mA 


Total Power Dissipation (Including the ladder) 




20 


Typ 




mW 



> 
p 



NOTES: 1. Full scale range (FSR) is 10V for unipolar and ±10V for bipolar modes. 

2. Using internal feedback resistor, Rfeedback- 

3. Guaranteed by design; not subject to test, 

4. Accuracy not guaranteed unless outputs at ground potential. 



Specifications subject to 
change without notice. 
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AD754i 



BITKMSB), X 4J^ 




Figure 3: Nonlinearity Test Circuit 



I , ONQWOUNDED 

*-+• I SINE WAVE 

r-f-« I GENERATOR 

' ' 40Hz 2V p-p 



(ADJUST 
FOR 

Verroa . 
= OV.DC^ ^ 






-AAA^ 



SK 0.01% 
RfeeobackSK 0.01% < 



^S 3 2H 

>» 1 




1^ 

rX-^ „^^ VeRRC 

p<^ X100 



Figure 4: Power Supply Rejection 
Test Circuit 



+11V (ADJUST FOR Vout = OV) 
+15V 




Figure 5: Noise Test Circuit 




Figure 6: Output Capacitance Test Circuit 



VreP = 20V p-p lOkHx SINE WAVE 



Ion 



\^ 




Figure 7: Feedthrough Error Test Circuit 



.,.,'«' 


+15V 

1 




BIT 1 (MSB) 




' n n n 


" 


5 
AD7S41 


/ J LJ U L ' 




DIGITAL INPUT 


1 




BIT 12 (L8B) 



EXTRAPOLATE 



3t: S% SETTLING 
9t: 0.01% SETTLING 



OSCILLOSCOPE 
+100 mV SXfX,,, 



- IOUT2 

-2— il 1 



0^ 



Figure 8: Output Current Settling Time 
Test Circuit 



DEFINITION OF TERMS 

NONLINEARITY: Error contributecj by deviation of the DAC 
transfer function from a best straight line function. Normally 
expressed as a percentage of full scale range. For a 
multiplying DAC, this should hold true over the entire Vref 
range. 

RESOLUTION: Value of the LSB. For example, a unipolar 
converter with n bits has a resolution of (2"") (Vref)- A 
bipolar converter of n bits has a resolution of [2-(n-l)] 
[Vref]- Resolution in no way Implies linearity. 

SETTLING TIME: Time required for the output function of 
the DAC to settle to within 1 /2 LSB for a given digital input 
stimulus, i.e., to Full Scale. 

GAIN: Ratio of the DAC's operational amplifier output 
voltage to the nominal input voltage value. 

FEEDTHROUGH ERROR: Error caused by capacitive cou- 
pling from Vref to output with all switches OFF. 
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AD7541 

OUTPUT CAPACITANCE: Capacity from Iquh and louT2 
terminals to ground 

OUTPUT LEAKAGE CURRENT: Current which appears on 
'0UT1 terminal with all digital inputs LOW or on loUT2 
terminal when all inputs are HIGH. 

DETAILED DESCRIPTION 

The Intersil AD7541 is a 12 bit, monolithic, multiplying 
D/A converter. Highly stable thin film R-2R resistor ladder 
network and NMOS DPDT switches form the basis of the 
converter circuit. CMOS level shifters provide low power 
DTL/TTL/CMOS compatible operation. An external voltage 
or current reference and an operational amplifier are ail that 
is required for most voltage output applications. 




(Switches showh for Digital inputs "High") 
Figure 9: AD7541 Functional Diagram 



A simplified equivalent circuit of the DAC is shown in 
Figure 9. The NMOS DPDT switches steer the ladder leg 
currents between I0UT1 and I0UT2 buses which must be 
held at ground potential. This configuration maintains a 
constant current in each ladder leg independent of the input 
code. Converter errors are further eliminated by using wider 
metal interconnections between the major bits and the 
outputs. Use of high threshold switches reduces the offset 
(leakage) errors to a negligible level. 

Each circuit is laser-trimmed, at the wafer level, to better 
than 12 bits linearity. For the first four bits of the ladder, 
special trim-tabbed geometries are used to keep the body 
of the resistors, carrying the majority of the output current, 
undisturbed The resultant time stability of the trimmed 
circuits is comparable to that of untrirhmed units. 

The level shifter- circuits are comprised of three inverters 
with a positive feedback from the output of the second to 
the first (Figure 10). This configuration results in DTL/TTL/ 
CMOS compatible operation over the full military tempera- 
ture range. With the ladder DPDT switches driven by the 
level shifter, each switch is binarily weighted for an "ON" 
resistance proportional to the respective ladder leg current. 
This assures a constant voltage. drop across each switch, 
creating equipotential terminations for the 2R ladder resis- 
tors, resulting in accurate leg currents. 






OTL/TTL/CMOS; 
INPUT 







H 



T 



i 



H 



t 



HFTH 



f 



•OUT2 lOUTI 



Figure 10: CMOS Switch 



t 



APPLICATIONS 

General Recommendations 

Static performance of the AD7541 depends on louTi 
and louT2 (pin 1 and pin 2) potentials being exactly equal to 
GNP (pin 3). 

The output amplifier should be selected to have a low 
input bias current (typically less than 75nA), and a low drift 
(depending on the temperature range). The voltage offset 
of the amplifier should be nulled (typically less than 
±200mV). 

The bias current compensation resistor in the amplifier's 
non-inverting input can cause a variable offset. Non- 
inverting input should be connected to GND with a low 
resistance wire. 

Ground-loops must be avoided by taking all pins going to 
GND to a common point, using separate connections. 

The V^ (pin 18) power supply should have a low noise 
level and should not have any transients exceeding -i- 1 7 
volts. 

Unused digital inputs must be connected to GND or Vdd 
for proper operation. [^f ] 

A high value resistor (~1Mfii) can be used to prevent 
static charge accumulation, when the inputs are open- 
circuited for any reason. 

When gain adjustment is required, low tempco (approxi- 
mately 50ppm/°C) resistors or trim-pots should be selected. 

UNIPOLAR BINARY OPERATION 

The circuit configuration for operating the AD7541 in 
unipolar mode is shown in Figure 11. With positive and 
negative VREF values the circuit Is capable of 2-Quadrant 
multiplication. Trie "Digital Input Code/Analog Output Val- 
ue" table for unipolar mode is given in Table 1. A Schottky 
diode (HP5082-2811 or equivalent) prevents Iquti ^rom 
negative excursions which could damage the device. This 
precaution is only necessary with certain high 
amplifiers. 
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Figure 11: Unipolar Binary Operation 
(2-Quadrant IMuitiplication) 



Zero Offset Adjustment 

1. Connect all digital Inputs to GND. 

2. Adjust the offset zero adjust trimpot of the output 
operational amplifier for OV ±0.5mV (max) at VOUT. 

Gain Adjustment 

1 . Connect all digital inputs to VDD. 

2. Monitor VOUT for a -VREF (1-1/2^2) reading. 

3. To increase VOUT, connect a series resistor, (0 to 
500 ohms), in the I0UT1 amplifier feedback loop. 

4. To decrease VOUT, connect a series resistor, (0 to 
500 ohms), between the reference voltage and the 
VREF terminal. 

Table 1: Code Table — Unipolar Binary 
Operation 



DIGITAL INPUT 


ANALOG OUTPUT 


111111111111 


-Vref (1-1/2^2) 


100000000001 


-VrEF (1/2 + 1/2^2) 


100000000000 


-Vref/2 


011111111111 


-VbeF (1/2-1/2^2) 


000000000001 


-Vref (1/2^?) 


000000000000 






BIT 1 (MSB) 



digital! 

INPUT [ 



bit 12 (LSB) 




Note: R1 and R2 should be 0.01%, low-TCR resistors. 

Figure 12: Bipolar Operation 
(4-Quaclrant Multiplication) 



BIPOLAR (OFFSET BINARY) OPERATION 

The circuit configuration for operating the AD7541 in the 
bipolar mode is given in Figure 1 2. Using offset binary digital 
input codes and positive and negative reference voltage 
values Four-Quadrant multiplication can be realized. The 
"Digital Input Code/ Analog Output Value" table for bipolar 
mode is given in Table ^. 

A "Logic 1" input at any digital input forces the corre- 
sponding ladder switch to steer the M current to I0UT1 
bus. A "Logic 0" input forces the bit current to I0UT2 bus. 
For any code the I0UT1 and I0UT2 bus currents are 
complements of one another. The current amplifier at 
I0UT2 changes the polarity of I0UT2 current and the 
transconductance amplifier at IOUT1 output sums the two 
currents. This configuration doubles the output range but 
halves the resolution of the DAC. The difference current 
resulting at zero offset binary code, (MSB = "Logic 1", All 
other bits = "Logic 0"), is corrected by using an external 
resistive divider, from VREF to I0UT2. 

Offset Adjustment 

1. Adjust Vref to approximately +10V. 

2. Set R4 to zero. 

3. Connect all digital inputs to "Logic 1". 

4. Adjust loUT2 amplifier offset zero adjust trimpot for 
OV ±0.1 mV at loUT2 amplifier output. 

5. Connect a short circuit across R2. 

6. Connect all digital inputs to "Logic 0". 

7. Adjust loUT2 amplifier offset zero adjust trimpot for 
OV ±0.1 mV at louTl amplifier output. 

8. Remove short circuit across R2. 

9. Connect MSB (Bit 1) to "Logic 1" and all other bits 
to "Logic 0". 

10. Adjust R4 for OV ±0.2mV at Vqut- 

Gain Adjustment 

1. Connect all digital Inputs to VDD. 

2. Monitor' VOUT for a -VREF (1-1/2"''') volts 
reading. 

3. To increase VOUT, connect a sei-ies resistor, (0 to 
500 ohms), in the IOUT1 amplifier feedback loop. 

4. To decrease VOUT, connect a series resistor, (0 to 
500 ohms), between the reference voltage and the 
VREF terminal. 

Table 2: Code Table 
Bipolar (Offset Binary) Operation 



DIGITAL INPUT 


ANALOG OUTPUT 


111111111111 


-Vref (1-1/2^^) 


100000000001 


-Vref (1/2^^) 


100000000000 





011111111111 


Vref (1/2^^) 


000000000001 


Vref (1-1/2^^) 


000000000000 


Vref 
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AD7541 




TC02360I 

Figure 13: General DAC Circuit 
with Compensation Capacitor, Cc 



DYNAMIC PERFORMANCE 

The dynamic performance of the DAC, also depends on 
the output amplifier selection. For low speed or static 
applications, AC specifications of the amplifier are not very 
critical. For high-speed applications slew-rate, settling-time, 
openloop gain and gain/phase-margin specifications of the 
amplifier should be selected for the desif'ed performance. 



The output impedance of the AD7541 looking into I0UT1 
varies between 10k^ (RFeedback alone) and 5KS2 
(Rpeedback) >" parallel with the ladder resistance). 

Similarly the output capacitance varies between the 
minimum and the maximum values depending on the input 
code. These variations necessitate the use of compensa- 
tion capacitors, when high speed amplifiers are used. 

A capacitor in parallel with the feedback resistor (as 
shown in Figure 13) provides the necessary phase compen- 
sation to critically damp the output. 

A small capacitor connected to the compensation pin of 
the amplifier may be required for unstable situations caus- 
ing oscillations. Careful PC board layout, minimizing parasit- 
ic capacitances, is also vital. 

INPUT SIGNAL WARNING 

Because of the input protection diodes on the logic 
inputs, it is important that no voltage greater than 4V 
outside the logic supply rails be applied to these inputs at 
any time, including power-up and other transients. To do so 
could cause destructive SCR latch-up. 



> 
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ADG08b2-ADC0804 

8-Bit iuP-Compatible 
A/D Converters 



GENERAL DESCRIPTION 

The ADC0802 family are CMOS 8-bit successive approxi- 
mation A/D converters which use a modified potentiometric 
ladder, and are designed to operate with the 8080A control 
bus via three-state outputs. These converters appear to the 
processor as memory locations or I/O ports, and hence no 
interfacing logic is required. 

The differential analog voltage input has good common- 
mode-rejection , and permits offsetting the analog zero- 
input-voltage value. In addition, the voltage reference input 
can be adjusted to allow encoding any smaller analog 
voltage span to the full 8 bits of resolution. 

ORDERING INFORMATION 




FEATURES 



-No 



80C48 and 80C80/85 Bus Compatible - 

Interfacing Logic Required 

Conversion Time < lOO/uis 

Easy Interface to Most Microprocessors 

Will Operate in a "Stand Alone" Mode 

Differential Analog Voltage Inputs 

Works With Bandgap Voltage References 

TTL Compatible Inputs and Outputs 

On-Chip Clock Generator 

OV to 5V Analog Voltage Input Range (Single 

+ 5V Supply) 

No Zero-Adjust Required 



PART 
NUMBER 


ERROR 


TEMPERATURE 
RANGE 


PACKAGE 


ADC0802LCN 
ADC0802LCD 
ADC0802LD 


±1/2 bit no adjust 


0*^0 to +70X 
-25*'C to +85X 
-55°C to +125''C 


20 pin Plastic DIP 
20 pin CERDIP 
20 pin CERDIP 


ADC0803LCN 
ADC0803LCD 
ADC0803LD 


±1/2 bit adjusted full-scale 


0°C to H-TO^C 
-25*'C to +85X 
-55°C to +125*'C 


20 pin Plastic DIP 
20 pin CERDIP 
20 pin CERDIP 


ADC0804LCN 
ADC0804LCD 


±1 bit no adjust 


0*^0 to +70X 
-25X to +85X 


20 pin Plastic DIP 
20 pin CERDIP 



ANY 
mPROCESSOR 








.V 


CS 
RD 
WR 

irjiTR 

DB7 
0B6 
DBS 


To 


fo 


5° 




ir 




12 




13 




14 




DB4 




16 


DB3 
DB2 




17 




DBi 







DBo 




{8-BIT RESOLUTION 
OVER ANY DESIRED 
ANALOG INPUT 
VOLTAGE RANGE 



CS |T 

RD [T 

WR |T 

CLK IN [T 

mTR [T 

ViN( + ) [T 
ViN(-) {7 
AGND |T 
Vref/2 [T 
DGNO [lO 



ADC0802- 
ADC0804 



m] V+ORVref 

«] CLKR 

18] DBo(LSB) 

it] DBi 

li] DB2 

l|] DB3 

U\ DB4 

li] DBS 

12] DB6 

11] DB7(MSB) 



Figure 1: Typical Application 



(Outline dwg. CD, CN) 

Figure 2: Pin 
Configuration 
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JJ^'^'^CIRCUITS 



iiLBVsaOV 



RESET 




0FF1 
Q 



CLKB- 



SUCCESSIVE 

APPROX 

REGISTER 

AND LATCH 



MSBT 
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D 
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RESET 



3.STATE 
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XFER 



J 
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3.STATE CONTROL 
"1" = OUTPUT ENABLE 




CONV.COMPL. 

— ^i H — 8 X 1/f 
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IF RESET = "0" 



INTR F/F 




Figure 3: Functional Diagram of ADC0802-ADC0804 
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ADd080Sl-llDC0804 



ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 6.5V 

Voltage at Any Input -0.3V to (V*"+0.3V) 

Storage Temperature Range ......65°C to +150°C 

Package Dissipation at Ya^ +25°C.... 875mW 

Lead Temperature (Soldering, 10sec) 300°C 



OPERATING RATINGS 

Temperature Range 

ADC0802/03LD -55°C to +125°C 

ADC0802/03/04LCD -40°C to + 85°C 

ADC0802/03/04LCN O^C to +70°C 

Supply Voltage Range 4.5V to 6.3V 



stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 

ELECTRICAL CHARACTERISTICS (Notes 1 and 7) 

Converter Specifications: v+ =5V, Vref/2 = 2.500V, Tmin^Ta<Tmax and fcLK="640kHz unless othen/vise 

stated. 



PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


ADC0802: 
Total Unadjusted Error 


Completely Unadjusted 






±1/2 


LSB 


ADC0803: 
Total Adjusted Error 


With Full Scale Adjust 






±1/2 


LSB 


ADC0804: 
Total Unadjusted Error 


Comiiiletely Unadjusted 






±1 


LSB 


Vref/2 Input Resistance 


, Input Resistance at Pin 9 


1.0 


1.3 




k^ 


Analog -Input Voltage Range 


(Note 2) 


GND-0.05 




V^ +0.05 


V 


DC Common-Mode Rejection 


Over Analog Input Voltage Range 




±1/16 


±1/8 


LSB 


Power Supply Sensitivity 


V+ =5V ±10% Over Allowed 
Input Voltage Range 




± 1/16 


± 1/8 


LSB 



DC ELECTRICAL CHARACTERISTICS 

Digital Levels and DC Specifications: v+ =5v and tmin < ta < Tmax. unless otherwise noted. 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


CONTROL INPUTS (Note 6) | 


ViNH 


Logical "1" Input Voltage 
(Except Pin 4 CLK IN) 


V+ = 5.25V 


2.0 




V + 


V 


ViNL 


Logical "0" Input Voltage 
(Except Pin 4 CLK IN) 


V+ = 4.75V 






0.8 


V 


V CLK 


CLK IN (Pin 4) Positive Going 
Threshold Voltage 




2.7 


3.1 


3.5 


V 


V- CLK 


CLK IN (Pin 4) Negative Going 
Threshold Voltage 




1.5 


1.8 


2.1 


V 


Vh 


CLK IN (Pin 4) Hysteresis 
(VdLK)-(VcLK) 




0.6 


1.3 


2.0 


V 


llNHI 


Logical "1" Input Current 
(All Inputs) 


V|N = 5V 




0.005 


1 


mA 


llNLO 


Logical "0" Input Current 
(All Inputs) 


V|N = OV 


-1 


-0.005 




mA 


1 + 


Supply Current (Includes 
Ladder Current) 


fCLK = 640kHz, 
Ta = + 25'C and CS = HI 




1.3 


2.5 


mA 


DATA OUTPUTS AND INTR | 


Vol 


Logical "0" Output Voltage 


lo = 1.6mA 
V+= 4.75V 






0.4 


V 


VOH 


Logical "1" Output Voltage 


lo=-360/uA 
V"^ = 4.75V 


2.4 






V 


Ilo 


3-State Disabled Output 
Leakage (All Data Buffers) 


VouT = OV 
VoUT = 5V 


-3 




3 


mA 
mA, 
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ADC0802-ADC0804 

DC ELECTRICAL CHARACTERISTICS (CONT.) 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


ISOURCE 


Output Short Circuit Current 


VouT Short to Gnd Ta = r*- 25°C 


4.5 


6 




mA 


'sink 


Output Short Circuit Current 


VouT Short to V+ Ta= +25X 


9.0 


16 




mA 



NOTES: 1. All voltages are measured with respect to GND, unless othenwise specified. The separate AGND point should always be wired to 
the DGND, being careful to avoid ground loops. 
2 For V|N(-) ^ V|N( + ^ the digital output code will be 0000 0000. Two on-chip diodes are tied to each analog input (see Block 
Diagram) which will forward conduct for analog input voltages one diode drop below ground or one diode drop greater than the 
V"*" supply. Be careful, dunng testing at low V*" levels (4.5V), as high level analog inputs (5V) can cause this input diode to 
conduct-especially at elevated temperatures, and cause errors for analog inputs near full-scale. As long as the analog V|n does not 
exceed the supply voltage by more than 50mV, the output code will be correct. To achieve an absolute OV to 5V input voltage 
range will therefore require a minimum supply voltage of 4.950V over temperature variations, initial tolerance and loading. 

3. With V "*" = 6V, the digital logic interfaces are no longer TTL compatible. 

4. With an asynchronous start pulse, up to 8 clock periods may be required before the internal clock phases are proper to start the 
conversion process. 

5. The CS input is assumed to bracket the WR strobe input so that timing is dependent on the WR pulse width. An arbitranly wide 
pulse width will hold the converter in a reset mode and the start of conversion is initiated by the low to high transition of the WR 
pulse (see Timing Diagrams). 

6. CLK IN (pin 4) is the input of a Schmitt trigger circuit and is therefore specified separately. 

7. None of these A/Ds requires a zero-adjust. However, if an all zero code is desired for an analog input other than O.OV, or if a 
narrow full-scale span exists (for example: 0.5V to 4.0V full-scale) the V|N(_) input can be adjusted to achieve this. See Zero 
Error on page 10 of this data sheet. 
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AC ELECTRICAL CHARACTERISTICS 

Timing Specifications: V^ =5V and Ta= +25°C unless otherwise stated. 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


fCLK 


Clock Frequency 


V+ =6V (Note 3) 
V+ =5V 


100 
100 


640 
640 


1280 
800 


kHz 
kHz 


tconv 


Clock Penods per Conversion (Note 4) 




62 




73 




CR 


Conversion Rate. In Free-Running Mode 


InTR tied to WR with 
CS = OV, fcLK = 640kHz 






8888 


conv/s 


tW(WR)l 


Width of WR Input (Start Pulse Width) 


CS = OV (Note 5) 


100 






ns 


tacc 


Access Time (Delay from Falling Edge of 
RD to Output Data Valid) 


CL=100pF (Use Bus Driver IC 
for Larger Cl) 




135 


200 


ns 


tlh. toh 


3-State Control (Delay from Rising Edge 
of RD to Hl-Z State) 


CL=10pF, RL=10k 

(See 3-State Test Circuits) 




125 


250 


ns 


tWI. tRI 


Delay from Falling Edge of WR to 
Reset of INTR 






300 


450 


ns 


C|N 


Input Capacitance of Logic 
Control Inputs 






5 


7.5 


PF 


COUT 


3-State Output Capacitance (Data Buffers) 


1 




5 


7.5 


PF 



Hoc 



c| 



tlh 



1 



tih,CL = 10pF 



toh 



'OUTPUT 



DATA 
OUTPUTS 



2.4V 
I 
0.8V 

Voh 




90% 
50% 
10% 



GND- 



V + 
P 



\ 90% '*° ^3 ' ^-0 1 

tr = 20ns ^ ^ ^ 



toh.CL = 10pF 



vDATA 

' OUTl»UT DATA 

OUTPUTS 



2.4V 

I 
0.8V 

V* 




90% 
% 
10% 



-toh 



Voi- 



3701 WF01070I TC0P0801 

Figure 4: 3-State Test Circuits and Waveforms 
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TYPICAL PERFORMANCE CHARACTERISTICS 

Logic Input Tfireshold Voltage vs Supply Voltage 
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Figure 5: Timing Diagrams 

Note: All timing is measured from the 50% voltage points. 




UNDERSTANDING A/D ERROR SPECS 

A perfect A/D transfer characteristic (staircase wave- 
form) is shown in Figure 6a. The horizontal scale is analog 
input voltage and the particular points labeled are in steps 
of 1LSB (19.53mV with 2.5V tied to the Vref/2 pin). The 
digital output codes which correspond to these inputs are 
shown as D - 1 , D, and D + 1 . For the perfect A/D, not only 
will center-value (A - 1 ,A,A + 1 , . . .) analog inputs produce 
the correct output digital codes, but also each riser (the 
transitions between adjacent output codes) will be located 
± 1/2 LSB away from each center-value. As shown, the risers 
are ideal and have no width. Correct digital output codes will 
be provided for a range of analog input voltages which 
extend ±V2 LSB from the ideal center-values. Each tread 
(the range of analog input voltage which provides the same 
digital output code) is therefore 1LSB wide. 



The error curve of Figure 6b shows the worst case 
transfer function for the ADC0802. Here the specification 
guarantees that if we apply an analog input equal to the 
LSB analog voltage center-value, the A/D will produce the 
correct digital code. 

Next to each transfer function is shown the correspond- 
ing error plot. Notice that the error includes the quantization 
uncertainty of the A/D. For example, the error at point 1 of 
Figure 6a is + V2 LSB because the digital code appeared V2 
LSB in advance of the center-value of the tread. The error 
plots always have a constant negative slope and the abrupt 
upside steps are always 1LSB in magnitude, unless the 
device has missing codes. 

FUNCTIONAL DESCRIPTION 

A functional diagram of the ADC0802 series of A/D 
converters is shown in Figure 3. All of the package pinouts 
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are shown and the major logic control paths are drawn in 
heavier-weight lines. The device operates on the succes- 
sive approximation principle (see APPLICATION NOTE 
A016 and A020 for a more detailed description of this 
principle). Analog switches are closed seqtientiaily by 
successlve-approximatictn lo^ic uritil the analog differential 
input voltage [V|n( + )-V|N(-)] matches a voltage derived 
from a tapped resistor string across the reference voltage. 
The most significant bit Is tested first and after 8 compari- 
sons (64 clock cycles), an 8-bit binary code (1111 1111 = 
full-scale) is transferred to an output latch. 

The normal operation proceeds as follows. On the high- 
to-low transition of the WR Input, the internal SAR l atches 
and the shift-register stages are reset, and the INTR output 
will be set high. As long as the CS input and WR input 
remain low, the A/D will remain in a reset state. Conver- 
sion will start from 1 to 8 clock periods after at least 
one of these inputs makes a low-to-high transition. 
After the requisi te nu mber of clock pulses to complete the 
conversion, the INTR pin will make a high-to-low transition. 
This can be used to interrupt a processor, or otherwise 
signal the availability of a new c onversion. A RD operation 
(with CS low) will clear the INTR line high again. The device 
may b e op erate d in the free-running mode by connecting 
INTR to the WR Input with CS = 0. To ensure start-up under 
all possible conditions, an external WR pulse Is required 
during the first power-up cycle. A conversion-in-process can 
be Interrupted by issuing a second start command. 



Digital Details 

The converter is started by having CS and WR simulta- 
neously low. This sets the start flip-flop (F/F) and the 
resulting "1" level resets the 8-bit shift register, resets the 
Interrupt (INTR) F/F and inputs a "1" to the D flip-flop, 
DFF1, which is at the input end of the 8-bit shift register. 
Internal clock signals then transfer this "1" to the Q output 
of DFF1. The AND gate, G1, combines this "1" output with 
a clock signal to provide a reset signal to the start F/F. If 
the set signal is no longer present (either WR or CS is a 
" 1"), the start F/F is reset and the 8-bit shift register then 
can have the "1" clocked in, which starts the conversion 
process. If the set signal were to still be present, this reset 
pulse would have no effect (both outputs of the start F/F 
would be at a "1" level) and the 8-bit shift register would 
continue to be held in the reset mode. This allows for 
asynchronous or wide CS and WR signals. 

After the "1" is clocked through the 8-bit shift register 
(which completes the SAR operation) it appears as the 
input to DFF2. As soon as this "1" is output from the shift 
register, the AND gate, G2, causes the new digital word to 
transfer to the 3-state oujtput latches. When DFF2 Is 
subsequently clocked, the Q output makes a high-to-low 
transition which causes t he INT R F/F to set. An inverting 
buffer then supplies the INTR output signal. 

When data is to be read, the combination of both CS and 

RD being low will cause the INTR F/F to be reset and the 3- 
state output latches will be enabled to provide the 8-bit 
digital outputs. 
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Figure 6: Clarifying the Error Specs of an A/D Converter 
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Digital Control Inputs 

The digital control Inputs (CS, RD, and WR) meet 
standard TTL logic voltage levels. These signals are 
essentially equivalent to the standard A/D Start and Output 
Enable control signals, and are active low to allow an easy 
interface to microprocessor control_busses. For non-micro- 
processor based applications, the CS input (pin 1) can be 
grounded and the standard A/D Start function obtained by 
an active low pulse at the WR input (pin 3). The Output 
Enable function is achieved by an active low pulse at the 
RD Input (pin 2). 

Analog Operation 

The analog comparisons are performed by a capacitive 
charge summing circuit. Three capacitors (with precise 
ratioed values) share a common node with the input to an 
auto-zeroed comparator. The input capacitor is switched 
between V|N(+) and V|N(-), while two ratioed reference 
capacitors are switched between taps on the reference 
voltage divider string. The net charge corresponds to the 
weighted difference between the input and the current total 
value set by the successive approximation register. A 
correction Is made to offset the comparison by V2 LSB (see 
Figure 6a). 

Analog Differential Voltage Inputs and 
Common-Mode Rejection 

This A/D gains considerable applications flexibility from 
the analog differential voltage input. The V|N(-) input (pin 7) 
can be used to automatically subtract a fixed voltage value 
from the input reading (tare correction). This is also useful in 
4mA -20mA current loop conversion. In addition, common- 
mode noise can be reduced by use of the differential input. 

The time interval between sampling V|n( + ) and V|n(-) is 
4V2 clock periods. The maximum error voltage due to this 
slight time difference between the input voltage samples is 
given by: 



AVe(MAX) = (Vp)(27rfcm) 



4.5 
^CLK 



where: 
AVe is the error voltage due to sampling delay 
Vp is the peak value of the common-mode voltage 
fcm is the common-mode frequency 

For example, with a 60Hz common-mode frequency, fcm» 
and a 640kHz A/D clock, fcLK. keeping this error to V4 LSB 
(-^mV) would allow a common-mode voltage, Vp, given by: 



Vn = 



[AVe(MAX)(fcLK)] 
(27rfcm)(4.5) 



or 



(5x10~^) (640x10^) 
(6.28) (60) (4.5) 



-1.9V 



The allowed range of analog input voltage usually places 
more severe restrictions on input common-mode voltage 
levels than this. 

An analog input voltage with a reduced span and a 
relatively large zero offset can be easily handled by making 
use of the differential input (see Reference Voltage Span 
Adjust). 



Analog Input Current 

The internal switching action causes displacement cur- 
rents to flow at the analog inputs. The voltage on the on- 
chip capacitance to ground is switched through the analog 
differential input voltage, resulting in proportional currents 
entering the V|n( + ) input and leaving the V|n(-) input. 
These current transients occur at the leading edge of the 
internal clocks. They rapidly decay and do not inherently 
cause errors as the on-chip comparator is strobed at the 
end of the clock period. 

Input Bypass Capacitors 

Bypass capacitors at the inputs will average these 
charges and cause a DC current to flow through the output 
resistances of the analog signal sources. This charge 
pumping action is worse for continuous conversions with 
the V|N( + ) input voltage at full-scale. For a 640kHz clock 
frequency with the ViN( + ) input at 5V, this DC current is at a 
maximum of approximately 5/xA. Therefore, bypass capac- 
itors should not be used at the analog inputs or the 
Vref/2 pin for high resistance sources ( > 1 kO). If input 
bypass capacitors are necessary for noise filtering and high 
source resistance is desirable to minimize capacitor size, 
the effects of the voltage drop across this input resistance, 
due to the average value of the input current, can be 
compensated by a full-scale adjustment while the given 
source resistor and input bypass capacitor are both in 
place. This is possible because the average value of the 
input current is a precise linear function of the differential 
input voltage at a constant conversion rate. 

Input Source Resistance 

Large values of source resistance where an input bypass 
capacitor is not used, will not cause errors since the input 
currents settle out prior to the comparison time. If a low- 
pass filter is required in the system, use a low-value series 
resistor ( < 1 kO) for a passive RC section or add an op amp 
RC active low-pass filter. For low-source-resistance appli- 
cations, ( < ^kh), a 0.1 juF bypass capacitor at the inputs 
will minimize EMI due to the series lead inductance of a long 
wire. A 100^7 series resistor can be used to isolate this 
capacitor (both the R and C are placed outside the 
feedback loop) from the output of an op amp, if used. 

Stray Pickup 

The leads to the analog inputs (pins 6 and 7) should be 
kept as short as possible to minimize stray signal pickup 
(EMI). Both EMI and undesired digital-clock coupling to 
these inputs can cause system errors. The source resis- 
tance for these inputs should, in general, be kept below 
5k^. Larger values of source resistance can cause unde- 
sired signal pickup. Input bypass capacitors, placed from 
the analog inputs to ground, will eliminate this pickup but 
can create anatog scale errors as these capcitors will 
average the transient input switching currents of the A/D 
(see Analog Input Current). This scale error depends on 
both a large source resistance and the use of an input 
bypass capacitor. This error can be compensated by a full- 
scale adjustment of the A/D (see Full-Scale Adjustment) 
with the source resistance and input bypass capacitor in 
place, and the desired conversion rate. 

Reference Voltage Span Adjust 

For maximum application flexibility, these A/Ds have 
been designed to accommodate a 5V, 2.5V or an adjusted 
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Figure 7: The YreperencE Design on the IC 



Notice that the reference voltage for the IC is either 'V2 of 
the voltage which is applied to the V"*" supply pin, or is 
equal to the voltage which is externally forced at the 
Vref/2 pin. This allows for a pseudo-ratiometric voltage 
reference using, for the V"^ supply, a 6V reference voltage. 
Alternatively, a voltage less than 2.5V can be applied to the 
Vref/2 input. The Internal gain to the Vref/2 input is 2 to 
allow this factor of 2 reduction in the reference voltage. 

Such an adjusted reference voltage can accommodate a 
reduced span or dynamic voltage range of the analog input 
voltage. If the analog input voltage were to range from 0.5V 
to 3.5V, instead of OV to 5V, the span would be 3V. With 
0.5V applied to the V|N(-) piri to absorb the offset, the 
reference voltage can be made eqiial to V2 of the 3V span 
or 1.5V. The A/D now will encode the V|N( + ) signal fronri 
0.5V to 3.5V with the 0.5V input correspbnding to zero and 
the 3.5V input corresponding to full-scale. The full 8 bits of 
resolution are therefore applied over this reduced analog 
input voltage range. The requisite connections are shown in 
Figure 8. For expanded scale inputs* the circuits of Figures 
9 and 10 can be used. 




Figiire 8: Offsetting the Zero of the 

ADC08b2 and Performing ah Input Range 

(Span) Adjustment 
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Figure 9: l-landling ±10V Analog Input Range 
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Figure 10: Handling ±5V Ai^ialog Input Range 



Reference Accuracy Requirements 

The converter can be operated in a pseudo-ratiometric 
mode or an absolute mode. In ratiometric converter applica- 
tions, the magnitude of the reference voltage is a factor in 
both the output of the source transducer and the output of 
the A/D converter and therefore cancels out in the final 
digital output code. In absolute conversion applications, 
both the Initial value and the temperature stability of the 
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reference voltage are important accuracy factors in the 
operation of the A/D converter. For Vref/2 voltages of 
2.5V nominal value, initial errors of ±10mV will cause 
conversion errors of ±1LSB due to the gain of 2 of the 
Vref/2 input. In reduced span applications, the initial value 
and the stability of the Vref/2 input voltage become even 
more important. For example, if the span is reduced to 2.5V, 
the analog input LSB voltage value is correspondingly 
reduced from 20mV (5V span) to 10mV and 1LSB at the 
Vref/2 input becomes 5mV. As can be seen, this reduces 
the allowed initial tolerance of the reference voltage and 
requires correspondingly less absotutd change with temper- 
ature variations. Note that spans smaller than 2.5V place 
even tighter requirements on the initial accuracy and 
stability of the reference source. 

In general, the reference voltage wiJI require an initial 
adjustment. Errors due to an improper value of reference 
voltage appear as full-scale errors in the A/D transfer 
function. IC voltage regulators may be used for references if 
the ambient temperature changes are not excessive. 

Zero Error 

The zero of the A/D does not require adjustment. If the 
minimum analog input voltage value, V|n(min), is not 
ground, a zero offset can be done. The converter can be 
made to output 0000 0000 digital code for this minimum 
input voltage by biasing the A/D Vin(-) input at this 
V|N(MIN) value (see Applications section). This utilizes the 
differential mode operation of the A/D. 

The zero error of tlie A/D converter relates to the 
location of the first riser of the transfer function and can be 
measured by grounding the V|n(_) input and applying a 
small magnitude positive voltage to the V|n( + ) input. Zero 
error is the difference between the actual DC input voltage 
which is necessary to just cause an output digital code 
transition from 0000 0000 to 0000 0001 and the ideal V2 
LSB value (V2 LSB = 9.8mV for Vref/2 ^ 2.500V). 

Full-Scale Adjust 

The full-scale adjustment can be made by applying a 
differential input voltage which is 1 V2 LSB down from the 
desired analog full-scale voltage range and then adjusting 



the magnitude of the Vref/2 input (pin 9) for a digital output 
code which is just changing from 1111 1 1 1 to 1 1 1 1 1111. 
When offsetting the zero and using a span-adjusted Vref/ 
2 voltage, the full-scale adjustment is made by inputting 
Vmin to the V|N(_) input of the A/D and applying a voltage 
to the V||M( + ) input which is given by: 



V|N( + )fsadj = VMAX-1-5 



(Vmax-Vmin) 



256 



where: 

Vmax = the high end of the analog input range 
and 

Vmin ~ the low end (the offset zero) of the analog 

range. (Both are ground referenced.) 

Clocking Option 

The clock for the A/D can be derived from an external 
source such as the CPU clock or an external RC network 
can be added to provide self-clocking. The CLK IN (pin 4) 
makes use of a Schmitt trigger as shown In Figure 11. 

Heavy capacitive or DC loading of the CLocK R pin 
should be avoided as this will disturb normal converter 
operation. Loads less than 5ClpF, such as driving up to 7 
A/D converter clock inputs from a single CLK R pin of 1 
converter, are allowed. For larger clock line loading, a 
CMOS or low power TTL buffer or PNR input logic should be 
used to minimize the leading onthe CLK R pin (do not use a 
standard TTL buffer). 

Restart During a Conversion 

If the A/D is restarted (CS and WR ^o low and return 
high) durihg a conversion, the converter is reset and a new 
conversion is started. The putput data latch is not updated if 
the conversion in progress^ is not completed. The data from 
the previous conversion remaih in thii latch. 

Continuous Conversions 

In this applicatio n, the CS input is grounded and th e WR 
input is tied to the INTR output. This WR and INTR node 
should be momentarily forced to logic low following a 
power-up cycle to insure circuit operation. See Figure 12 for 
details. 
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Figure 11: Self-Clocking the A/D 
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Figure 12: Free-Running Connection 



Driving the Data Bus 

This CMOS A/D, like MOS microprocessors and memo- 
ries, will require a bus driver when the total capacitance of 
the data bus gets large. Other circuitry, which is tied to the 
data bus, will add to the total capacitive loading, even in 3- 
state (high-impedance mode). Backplane bussing also 
greatly adds to the stray capacitance of the data bus. 

There are some alternatives available to the designer to 
handle this problem. Basically, the capacitive loading of the 
data bus slows down the response time, even though DC 
specifications are still met. For systems operating with a 
relatively slow CPU clock frequency, more time Is available 
in which to establish proper logic levels on the bus and 
therefore higher capacitive loads can be driven (see Typi- 
cal Performance Characteristics). 

At higher CPU clock frequencies time can be extended 
for I/O reads (and/or writes) by inserting wait states (8080) 
or using clock-extending circuits (6800). 

Finally, if time is short and capacitive loading is high, 
external bus drivers must be used. These j^^an be 3-state 
buffers (low power Schottky is recommended, such as the 
74LS240 series) or special higher-drive-current products 
which are designed as bus drivers. High-current bipolar bus 
drivers with PNP inputs are recommended. 

Power Supplies 

Noise spikes on the V "•" supply line can cause conversion 
errors as the comparator will respond to this noise. A low- 



inductance tantalum filter capacitor should be used close to 
the converter V*" pin, and values of ^^xf or greater are 
recommended. If an unregulated voltage Is available in the 
system, a separate 5V voltage regulator for the converter 
(and other analog circuitry) will greatly reduce digital noise 
on the V "'" supply. An ICL7663 can be used to regulate such 
a supply from an input as low as 5.2V. 

Wiring and Hook-Up Precautions 

Standard digital wire-wrap sockets are not satisfactory for 
breadboarding with this A/D converter. Sockets on PC 
boards can be used. All logic signal wires and leads should 
be grouped and kept as far away as possible from the 
analog signal leads. Exposed leads to the analog inputs can 
cause uhdesired digital noise and hum pickup; therefore, 
shielded leads may be necessary in many applications. 

A single-point analog ground should be used which is 
separate from the logic ground points. The power supply 
bypass capacitor and the self-clocking capacitor (if used) 
should both be returned to digital ground. Any Vref/2 
bypass capacitors, analog input filter capacitors, or input 
signal shielding should be returned to the analog ground 
point. A test for proper grounding is to measure the zero 
error of the A/D converter. Zero errors in excess of Va LSB 
can usually be trace?! to improper board layout and wiring 
(see Zero Error for measurement). Further information can 
be found in A018. 
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TESTING THE A/D CONVERTER 

There are many degrees of complexity associated with 
testing an A/D converter. One of the simplest tests is to 
apply a known analog input voltage to the converter and 
use LEDs to display the resulting digital output code as 
shown in Figure 13." 

For ease of testing, the Vref/2 (pin 9) should be 
supplied with 2.560V and a V"*" supply voltage of 5.12V 
should be used. This provides an LSB value of 20mV. 

If a full-scale adjustment is to be made, an analog input 
voltage of 5.090V (5.120- 1V2 LSB) should be applied to 
the V|N( + ) pin with the V|N(_) pin grounded. The value of 
the Vref/2 input voltage should be adjusted until the digital 
output code is just changing from 1111 1 1 1 to 1 1 1 1 1111. 
This value of Vref/2 should then be used for all the tests. 
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Figure 13: Basic Tester for the A/D 



The digital-output LED display can be decoded by 
dividing the 8 bits into 2 hex characters, one with the 4 
most-significant bits (MS) and one with the 4 least-signifi- 
cant bits (|_S). The output is then interpreted as a sum of 
fractions times the full-scale voltage: 

/ms LS \ 

VouT= — + (5.1 2)V. 

16 256 



For example, for an output LED display of 101 1 01 10, the 
MS character is hex B (decimal 1 1 ) and the LS character is 
hex (and decimal) 6, so 



11 6 
Vqut == — ■•" — 

16 256 



; (5.12) = 3.64V. 

I 

Figures 14 and 15 show more sophisticated test circuits. 
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Figure 14: A/D Tester witti Analog Error 
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"error plots" of Figure 6. 
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Figure 15: Basic "Digital" A/D Tester 



APPLICATIONS 
Interfacing 8080/85 or Z-80 
Microprocessors 

This converter has been designed to directly interface 
with 8080/85 or Z-80 Microprocessors. The 3-state output 
capability of the A/D eliminates the need for a peripheral 
interface device, although address decoding is still required 
to generate the appropriate CS for the converter. The A/D 
can be mapped Into memory space (u sing sta ndard memo- 
ry-address decoding for CS and the MEMR and MEMW 
stro bes) o r it can be controlled as an I/O device by using 
the I/O R and I/O W strobes and decoding the address bits 
AO -^ A7 (or address bits A8 -^ A1 5, since they will contain 
the same 8-bit address information) to obtain the CS input. 
Using the I/O space provides 256 additional addresses and 
may allow a simpler 8-bit address decoder, but the data can 
only be input to the accumulator. To make use of the 
additional memory reference instructions, the A/D should 
be mapped into memory space. See A020 for more 
discussion of memory-mapped vs l/0-mapped Interfaces. 
An example of an A/D in I/O space is shown in Figure 16. 
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Note: Pin numbers for 8228 system controller: others are 8080A 

Figure 16: ADC0802 to 8080A CPU Interface 



The standard control-bus signals of the 8080 (CS, RD 
and WR) can be directly wired to the digital control inputs of 
the A/D, since the bus timing requirements, to allow both 
starting the converter, and outputting the data onto the data 
bus, are met. A bus driver should be used for larger 
microprocessor systems where the data bus leaves the PC 
board and/or must drive capacitive loads larger than 
100pF. 

It is useful to note that in systems where the A/D 
converter Is 1 of 8 or fewer l/0-mapped devices, no 
address-decoding circuitry is necessary. Each_of the 8 
address bits (AO to A7) can be directly used as CS Inputs, 
one for each I/O device. 

Interfacing the Z-80 and 8085 

The Z-80 and 8085 control buses are slightly different 
from that of the 8080. General RD and WR st robes are 
provided and s eparate memory request, MREQ, and I/O 
request, lORQ, signals have to be combined with the 



generalized strobes to provide the appropriate signals. An 
advantage of operating the A/D in I/O spgce with the Z-80 
is that the CPU will automatically insert one wait state (the 
RD and WR strobes are extended one clock period) to allow 
more time for the I/O devices to respond. Logic t o map t he 
A/D in I/ O spac e is shown In Figure 17. By using MREQ in 
place of lORQ, a memory-mapped configuration results. 

Additional I/O advantages exist as software DMA rou- 
tines are available and use can be made of the output data 
transfer which exists On the upper 8 address lines (A8 to 
A15) during I/O input instructions. For example, MUX 
channel selection for the A/D can be accomplished with 
this operating mode. 

The 8085_also provides a generalized RD and WR strobe, 
with an 10/ M line to distinguish I/O and memory requests. 
The circu it of F igure 17 can again be used, with lO/M in 
place of lORQ for a memory-mapped interface,_and an 
extra inverter (or the logic equivalent) to provide 10/ M for 
an l/0-mapped connection. 
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Interfacing 6800 Microprocessor Derivatives 
(6502, etc.) 

, The control bus for the 6800 microprocessor derivatives 
does not use the RD and WR strobe signals. Instead it 
employs a single R/W line and additional timing, if needed, 
can be derived from the 02 clock. All I/O devices are 
memory-mapped in the 6800 system, and a special signal, 
VMA, indicates that the current address is valid. Figure 16 
shows an interface schematic where the A/Djs memory- 
mapped in the 6800 system. For simplicity, the CS decoding 
is shown using 1/2 DM8092. Note that in many 6800 
systems, an already decoded 4/5 line is brought out to the 
common bus at pin 21. This can be tied directly to the CS 
pin of the A/D, provided that no other devices are ad- 
dressed at HEX ADDR: 4XXX or 5XXX. 

In Figure 19 the ADC0802 series is interfaced to the 
MC6800 microprocessor through (the arbitrarily chosen) 
Port B of the MC682q_or MC6821 Peripheral Interface 
Adapter (PI A). Here the CS pin of the A/D is grounded since 
the PIA is already memory-mapped in the MC6800 system 
and no CS decoding is necessary. Also notice that the A/D 
output data lines are connected to the microprocessor bus 
under program control through the PIA and therefore the 
A/D RD piri can be grounded. 



APPLICATION NOTES 

Some applications bulletins that may be found useful are 
listed here: 

A016 "Selecting A/D Converters," by Dave Fullagar. 
A018 "Do's and Dont's of Applying A/D Converters," by 

Peter Bradshaw and Skip Osgood. 
A020 "A Cookbook Approach to High Speed Data 

Acquisition and Microprocessor Interfacing," by Ed 

Sliger. 
A030 "The ICL7104 -^'A Binary Output A/D Converter for 

Microprocessors," by Peter Bradshaw. 
R005 "Interfacing Data Converters & Microprocessors," 

by Peter Bradshaw et al. Electronics, Dec. 9, 1976. 
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ICL7106/ICL7107 

3V2-Digit LCD/LED 
Single-Chip A/D Converter 




GENERAL DESCRIPTION 

The Intersil ICL7106 and 7107 are high performance, low 
power 3 V2-digit A/D converters containing all the necessary 
active devices on a single CMOS I.C. Included are seven- 
segment decoders, display drivers, a reference, and a 
clock. The 7106 is designed to interface with a liquid crystal 
display (LCD) and includes a backplane drive; the 7107 will 
directly drive an instrument-size light emitting diode (LED) 
display. 

The 7106 and 7107 bring together an unprecedented 
combination of high accuracy, versatility, and true economy. 
It features auto-zero to less than lO/xV, zero drift of less 
than 1/uV/°C, input bias current of 10 pA max., and rollover 
error of less than one count. True differential Inputs and 
reference are useful in all systems, but give the designer an 
uncommon advantage when measuring load cells, strain 
gauges and other bridge-type transducers. Finally, the true 
economy of single power supply operation (7106), enables 
a high performance panel meter to be built with the addition 
of only 10 passive components and a display. 



FEATURES 

• Guaranteed Zero Reading for Volts Input on 
All Scales 

• True Polarity at Zero for Precise Null Detection 

• IpA Typical Input Current 

• True Differential Input and Reference 

• Direct Display Drive — No External Components 
Required —LCD ICL7106 

— LED ICL7107 

• Low Noise -Less Than ISjuV p-p 

• On-Chip Clock and Reference 

• Low Power Dissipation -Typically Less Than 
lOmW 

• No Additional Active Circuits Required 

• New S^iaii Outline Surface Mount Package 
Available 

• Evaluation Kit Available 

ORDERING INFORMATION 



o 



PART NUMBER 


TEMPERATURE 
RANGE 


PACKAGE 


ICL7106CDL 
ICL7106CPL 
ICL7106CJL 
ICL7106CM44 


OX to +70X 
0°Cto +70°C 
O^'C to +70X 
0°C to +70°C 


40 pin ceramic DIP 
40 pin plastic DIP 
40 pin CERDIP 
44 pin Surface Mount 


ICL7107CJL 
ICL7i07CDL 
ICL7107CPL 


OX to +70X 
OX to +70X 
OX to +70X 


40 pin CERDIP 
40 pin ceramic DIP 
40 pin plastic DIP 


ICL7106EV/Kit 
ICL7107EV/Kit 


Evaluation kits contain IC, display, circuit 
board, passive components and hardware. 
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i ^^ 
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Figure 1: Pin Configurations 




6-37 
Note: All typical values have been guaranteed by charactenzation and are not tested. 



301650-002 



§ ICL7109/ICL7107 

S ABSOLUTE MAXIMUM RATINGS 



o 



Supply Voltage 

ICL7106, V 
ICL7107, 
ICL7107, V 



+ 
V + 



to V" 15V 

to GND +6V 

to GND -9V 



Power Dissipation (Note 2) 

Ceramic Package lOOOmW 

Plastic Package ., 800mW 

Operating Temperature OX to +70X 

Storage Temperature -65°C to +150°C 

Lead Temperature (Soldering, 10sec) 300°C 



■" Analog Input Voltage (either input)(Note 1)...V to V~ 

Reference Input Voltage (either input) V"*" to V~ 

Clock Input 

ICL7106 TEST to V + 

ICL7107 ..GND to V :*" 

Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings' only, and functional 

operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is ndt implied. Exposure to 

absolute maximum rating conditions for extended penods may affect device reliability. 

Note 1: Input voltages may exceed, the supply voltages provided the input current is limited to ±100/uA. 

Note 2: Dissipation rating assumes device is mounted with all leads soldered to pnnted circuit board. 

ELECTRICAL CHARACTERISTICS (Note 3) 



CHARACTERISTICS 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


Zero Input Reading 


ViN = O.OV 

Full Scale = 200.0mV 


-000.0 


±000.0 


+ 000.0 


Digital Reading 


Ratiometnc Reading 


V|N = VreF , 
VREF=100mV 


999 


999/1000 


1000 


Digital Reading 


Rollover Error (Difference in 
reading for equal positive and 
, negative inputs near Full Scale) 


-V|N= +V|N=.200.0mV 


-1 


±.2 


+ 1 


Counts 


Linearity (Max. deviation from 
best straight line fit) 


Full scale = 200.0mV 

or full scale = 2.000V (Note 6) 


-1 


±.2 


+ 1 


Counts 


Common Mode Rejection Ratio 
(Note 4) 


VCM = ±1V, V|N = OV 
Full Scale = 200.0mV 




50 




juV/V 


Noise (Pk-Pk value not exceeded 
95% of time) 


V,N = 0V 

Full Scale == 200.0mV 




15 




mV 


Leakage Current Input 


V|N = (Note 6) 




1 


10 


pA 


Zero Reading Dnft 


V,N = 

0° < Ta < 70°C (Note 6) 




0.2 


1 


juV/°C 


Scale Factor Temperature 
Coefficient 


V|N = 199.0mV 
0° < Ta < 70°C 
(Ext. Ref. Oppm/°C) (Note 6) 




1 


5 


ppm/°C 


V"*" Supply Current (Does not 
include LED current for 7107) 


V|N = 




0.8 


1.8 


mA 


V" Supply Current (7107 only) 






0.6 


1.8 


mA 


Analog Common Voltage (With 
respect to Pos. Supply) 


25k^ between Common & 
Pos. Supply 


2.4 


2.8 


3.2 


V 


Temp. Coeff. of Analog Common 
(With respect to Pos. Supply) 


25kS2 between Common & 
Pos. Supply 




80 




ppm/°C 


7106 ONLY 

Pk-Pk Segment Dnve Voltage 
Pk-Pk Backplane Drive Voltage 
(Note 5) 


V"^ to V- =9V 


4 


5 


6 


V 


7107 ONLY 

Segment Sinking Current 

(Except Pin 19 & 20) 

(Pin 19 only) 
(Pin 20 only) 


V "^ = 5.0V 

Segment voltage = 3V 


5 

10 
4 


8.0 

16 
7 




mA 
mA 



NOTES: 3. Unless othenA^ise noted, specifications apply to both the 7106 and 7107 at Ta = 25°C, fciock = 48kHz. 7106 is tested in the circuit 
of Figure 4 7107 is tested in the circuit of Figure 5. 

4. Refer to "Differential Input" discussion. 

5. Back plane drive is in phase with segment dnve for 'off segment, 180° out of phase for 'on' segment. Frequency is 20 times 
conversion rate. Average DC component is less than 50mV 

6 Not tested, guaranteed by design. 
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ICL7106/ICL7107 



TEST CIRCUITS 




INTERSIL 7106 




Figure 2: ICL7106 Test Circuit and Typical 
Application With Liquid Crystal Display 



DETAILED DESCRIPTION 
Analog Section 

Figure 4 shows the Analog Section for thp ICL7106 and 
7107. Each measurement cycle is divided into three 
phases. They are (1) auto-zero (A/Z), (2) signal integrate 
(INT) and (3) de-integrate (DE). 




INTERSIL 7107 




Figure 3: ICL7107 Test Circuit and Typical 
Application With LED Display 
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Figure 4: Analog Section of 7106/7107 
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Auto-zero phase 

During auto-zero three things happen. First, input high 
and low are disconnected from the pins and internally 
shorted to analog COMMON. Second, the reference capac- 
itor Is charged to the reference voltage. Third, a feedback 
loop is closed around the system to charge the auto-zero 
capacitor Caz to compensate for offset voltages in the 
buffer amplifier, integrator, and comparator. Since the 
comparator is included in the loop, the A/Z accuracy is 
limited only by the noise of the system. In any case, the 
offset referred to the Input is less than 10juV. 
Signal integrate phase 

During signal integrate, the auto-zero loop is opened, the 
internal short is removed, and the internal input high and 
low are connected to the external pins. The converter then 
integrates the differential voltage between IN HI and IN LO 
for a fixed time. This differential voltage can be within a wide 
common mode range: up to one volt from either supply. If, 
on the other hand, the Input signal has no return with 
respect to the converter power supply, IN LO can be tied to 
analog COMMON to establish the correct common-mode 
voltage. At the end of this phase, the polarity of the 
integrated signal Is determined. 
De-integrate phase 

The final phase |s de-integrate, or reference integrate. 
Input low is internally connected to analog COMMON and 
input high is connected across the previously charged 
reference capacitor. Circuitry within the chip ensures that 
the capacitor will be connected with the correct polarity to 
cause the integrator output to return to zero. The time 
required for the output to return to zero is proportional to the 
input signal. Specifically the digital reading displayed is 

1000 f-^\. 

Differential Input 

The input can accept differential voltages anywhere 
within the common mode range of the input amplifier, or 
specifically from 0.5 volts below the positive supply to 1.0 
volt above the negative supply. In this range, the system 
has a CMRR of 86 dB typical. However, care must be 
exercised to assure the integrator output does not saturate. 
A worst case condition would be a large positive common- 
mode voltage with a near full-scale negative differential 
input voltage. The negative input signal drives the integrator 
positive when most of its swing has been used up by the 
positive common mode voltage. For these critical applica- 
tions the integrator output swing can be reduced to less 
than the recommended 2V full scale swing with little loss of 
accuracy. The integrator output can swing to within 0.3 volts 
of either supply without loss of linearity. See A032 for a 
discussion of the effects of stray capacitance. 

Differential Reference 

The reference voltage can be generated anywhere within 
the power supply voltage of the converter. The main source 
of common mode error is a roll-over voltage caused by the 
reference capacitor losing or gaining charge to stray 
capacity on its nodes. If there is a large common mode 
voltage, the reference capacitor can gain charge (increase 
voltage) when called up to de-integrate^a^pqsltive signal but 
lose charge (decrease voltage) wherl calied^ to deinte- 
grate a negative input signal. This difference in reference 
for positive or negative input voltage will give a roll-over 



error. However, by selecting the reference capacitor such 
that it is large enough in comparison to the stray capaci- 
tance, this error can be held to less than 0.5 count worst 
case. (See Component Value Selection.) 

Analog COMMON 

This pin is included primarily to set the common mode 
voltage for battery operation (7106) or for any system where 
the input signals are floating with respect to the power 
supply. The COMMON pin sets a voltage that Is approxi- 
mately 2.8 volts more negative than the positive supply. 
This is selected to give a minimum end-of-life battery 
voltage of about 6V. However, the analog COMMON has 
some of the attributes of a reference voltage. When the 
total supply voltage is large enough to cause the zener to 
regulate ( > 7V), the COMMON voltage will have a low 
voltage coefficient (0.001 %/V), low output impedance 
(c^15^), and a temperature coefficient typically less than 
80ppm/°C. 

The limitations of the on-chip reference should also be 
recognized, however. With the 7107, the internal heating 
which results from the LED drivers can cause some 
degradation in performance. Due to their higher thermal 
resistance, plastic parts are poorer In this respect than 
ceramic. The combination of reference Temperature Coeffi- 
cient (TC), internal chip dissipation, and package thermal 
resistance Cjan Increase noise near full scale from 25 juV to 
80iuVp-p. Also the linearity in going from a high dissipation 
count such as 1000 (20 segments on) to a low dissipation 
count such as 1 1 1 1 (8 segments on) can suffer by a count or 
more. Devices with a positive tC reference may require 
several counts to pull out of an overrange condition. This is 
because overrange is a low dissipation rpode, with the three 
least significant digits blanked. Similarly, units with a nega? 
five TC may cycle between overrange and a nonoverrange 
count as the die alternately heats and cools. All these 
problems are of course eliminated if an external reference is 
used. 

The 7106, with its negligible dissipation, suffers from 
none of these problems. In either case, an external 
reference can easily be added, as shown In Figure 5. 




V 


< 
< 


7106/7107 


< 

20k! 1 


, REF HI 
REF LO 


1= 




COMMON 







Figure 5: Using an External Reference 



Analog COMMON is also used as the Input low return 
during auto-zero and de-integrate. If IN LO is different from 
analog COMMON, a common mode voltage exists in the 
system and is taken care of by the excellent CMRR of the 
converter. However, In some applications IN LO will be set 
at a fixed known voltage (power supply common for 
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instance). In this application, analog COMMON should be 
tied to the same point, thus removing the common mode 
voltage from the converter. The same holds true for the 
reference voltage. If reference can be conveniently tied to 
analog COMMON, it should be since this removes the 
common mode voltage from the reference system. 

Within the IC, analog COMMON is tied to an N channel 
FET that can sink approximately 30mA of current to hold . 
the voltage 2.8 volts below the positive supply (when a Idad 
is trying to pull the common line positive). However, there is 
only 10/iA of source current, so COMMON may easily be 
tied to a more negative voltage thus over-riding the internal 
reference. 

TEST 

The TEST pin serves two functions. On the 7106 it is 
coupled to the internally generated digital supply through a 
500^ resistor. Thus it can be used as the negative supply 
for externally generated segment drivers such as decimal 
points or any other presentation the user may want to 
include on the LCD display. Figures 8 and 9 show such an 
application. No more than a 1 mA load should be applied. 



TO LCD 
DECIMAL POINT 




Figure 6: Simple Inverter for Fixed Decimal 
Point 



DECIMAL 

POINT 

SELECT 



:ni>t- 



5i>fj 

i CD4030 I 



TO LCD 

DECIMAL 

POINTS 



Figure 7: Exclusive 'OR' Gate for Decimal 
Point Drive 



The second function is a "lamp test". When TEST is 
pulled high (to V"*" ) all segments will be turned on and the 
display should read — 1888. The TEST pin will sink about 
10mA under these conditions. 

Caution: on the 7106, in the lamp test mode, the 
segments have a constant DC voltage (no square-wave) 
and may burn the LCD display if left in this mode for several 
minutes. 



DIGITAL SECTION 

Figures 8 and 9 show the digital section for the 7106 and 
7107, respectively. In the 7106, an Internal digital ground is 
generated from a 6 volt Zener diode and a large P channel 
source follower. This supply is made stiff to absorb the 
relative large capacitive currents when the back plane (BP) 
voltage Is switched. The BP frequency Is the clock frequen- 
cy divided by 800. For three readings/second this is a 60Hz 
square wave with a nominal amplitude of 5 volts. The 
segments are driven at the same frequency and amplitude 
and are in phase with BP when OFF, but out of phase when 
ON. In all cases negligible DC voltage exists across the 
segments. 

Figure 9 is the Digital Section of the 7107. It is identical to 
the 7106 except that the regulated supply and back plane 
drive have been eliminated and the segment drive has been 
increased from 2 to 8 mA, typical for instrument size 
common anode LED displays. Since the 1000 output (pin 
1 9) must sink current from two LED segments, it has twice 
the drive capability or 16mA. 

In both devices, the polarity indication is "on" for 
negative analog inputs. If IN LO and IN HI are reversed, this 
indication can be reversed also, if desired. 
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Figure 8: Digital Section 7106 
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Figure 9: Digital Section 7107 
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System Timing 

Figure 10 shows the clocking arrangement used in the 
7106 and 7107. Three basic clocking arrangements can be 
used: 

1. An external oscillator connected to pin 40. 

2. A crystal between pins 39 and 40. 

3. An R-C oscillator using all three pins. 



rC>ri>n^ 




Figure 10: Clock Circuits 



The oscillator frequency is divided by four before it clocks 
the decade counters. It is then further divided to form the 
three convert-cycle phases. These are signal Integrate 
(1000 counts), reference de-integrate (0 to 2000 counts) 
and auto-zero (1000 to 3000 counts). For signals less than 
full scale, auto-zero gets the unused portion of reference 
deintegrate. This makes a complete measure cydle of 4,000 
counts (16,000 clock pulses) independent of input voltage. 
For three readings/second, an oscillator frequency of 
48kHz would be used. 

To achieve maximum rejection of 60Hz pickup, the signal 
integrate cycle should be a multiple of 60Hz. Oscillator 
frequencies of 240kHz, 120kHz, 80kHz, 60kHz, 48kHz, 
40kHz, 33''/3kHz, etc. should be selected. For 50Hz rejec- 
tion, Oscillator frequencies of 200kHz, 100kHz, 66% kHz, 
50kHz, 40kHz, etc. would be suitable. Note that 40kHz (2.5 
readings/second) will reject both 50 and 60Hz (also 400 
and 440Hz). 

COMPONENT VALUE SELECTION 
Integrating Resistor 

Both the buffer amplifier and the integrator have a class A 
output stage with lOOjuA of quiescent current. They can 
supply 20/LiA of drive current with negligible non-linearity. 
The integrating resistor should be large enough to remain in 
this very linear region over the input voltage range, but 
small enough that undue leakage requirements are not 
placed on the PC board. For 2 volt full scale, 470kn is near 
optimum and similarly a 47kl2 for a 200.0 mV scale. 

Integrating Capacitor 

The integrating capacitor should be selected to give the 
maximum voltage swing that ensures tolerance build-up will 
not saturate the integrator swing (approx. 0.3 volt from 
either supply). In the 7106 or the 7107, when the analog 
COMMON is used as a reference, a nominal ±2 volt full 
scale integrator swing is fine. For the 7107 with ±5 volt 
supplies and. analog COMMON tied to supply ground, a 
±3.5 to ±4 volt swing is nominal. For three readings/second 
(48kHz clock) nominal values for Cjnt are 0.22iuF and 



0.10/uF, respectively. Of course, if different oscillator fre- 
quencies are used, these values should be changed in 
inverse proportion to maintain the same output swing. 

An additional requirement of the integrating capacitor is 
that it must have a low dielectric absorption to prevent roll- 
over errors. While other types of capacitors are adequate 
for this application, polypropylene capacitors give undetect- 
able errors at reasonable cost. 

Auto-Zero Capacitor 

The size of the auto-zero capacitor has some influence 
on the noise of the system. For 200mV full scale where 
noise is very important, a 0.47iuF capacitor is recom- 
mended. On the 2 volt scale, a 0.047iLiF capacitor increases 
the speed of recovery from overload and is adequate for 
noise on this scale. 

Reference Capacitor 

A 0.1 juF capacitor gives good results in most applica- 
tions. However, where a large common mode voltage exists 
(i.e. the REF LO pin is not at analog COMMON) and a 
200mV scale is used, a larger value is required to prevent 
roll-over error. Generally 1 .0/uF will hold the roll-over error 
to 0.5 count in this Instance. 

Oscillator Components 

For all ranges of frequency a lOOki^ resistor is recom- 
mended and the capacitor is selected from the equation 

f = —. For 48kHz clock (3 readings/ second), C = lOOpF. 

RC 

Reference Voltage 

The analog input required to generate full-scale output 
(2000 counts) is: V|n - 2Vref- Thus, for the 2P0.0mV and 
2.000 volt scale, Vref should equal 1 00.0 mV and 1 .000 volt, 
respectively. However, in many applications where the A/D 
is connected to a transducer, there will exist a scale factor 
other than unity between the input voltage and the digital 
reading. For instance, in a weighing system, the designer 
might like to have a full scale reading when the voltage from 
the transducer is 0.682V. Instead of dividing the Input down 
to 200.0mV, the designer should use the input voltage 
directly and select Vref- 0-341 V. Suitable values for 
integrating resistor and capacitor would be 120k^ and 
0.22iuF. This makes the system slightly quieter and also 
avoids a divider network on the input. The 7107 with ±5V 
supplies can accept input signals up to' ±4V. Another 
advantage of this system occurs when a digital reading of 
zero is desired for V|n "^ 0. Temperature and weighing 
systems with a variable tare are examples. This offset 
reading can be conveniently generated by connecting the 
voltage transducer between IN HI and COMMON and the 
variable (or fixed) offset voltage between COMMON and IN 
LO. 

7107 Power Supplies 

The 7107 is designed to work from ±5V supplies. 
However, if a negative supply is not available, it can be 
generated from the clock output with 2 diodes, 2 capacitors, 
and an inexpensive I.C. Figure 1 1 shows this application. 
See ICL7660 data sheet for an alternative. 
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Figure t1: Generating Negative Supply 
from +5V 



In fact, in selected applications no negative supply is 
required. The conditions to use a single + 5V supply are: 

1 . The input signal can be referenced to the center of 
the common mode range of the converter. 

2. The signal is less than ±1.5 volts. 

3. An external reference i^ used. 

TYPICAL APPLICATIONS 

The 7106 and 7107 may be used in a wide variety of 
configurations. The circuits which follow show some of the 
possibilities, and serve to illustrate the exceptional versatili- 
ty of these A/D converters. 




Figure 13: 7107 using the internal reference. 
Values shown are for 200.0mV full scale, 3 
readings per second. IN LO may be tied to 
either COMMON for inputs floating with 
respect to supplies, or GND for single ended 
inputs. (See discussion under Analog 
COMMON.) 




TO BACK PLANE 



Figure 12: 7106 using the internal reference. 
Values shown are for 200.0 mV full scale, 3 
readings per second, floating supply voltage 
(9V battery). 
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S«tVnEF = lOddmV 



•AAAr-VyVVVSAr* — OV+ 

ImP ► P) 1 2V (ICt8069) 
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Figure 14: 7107 with an external band-gap 
reference (1.?V type). IN LO Js tied to 
COMMON, thus establishing the correct 
common mode voltage. If COMMON Is not 
shorted to GND, the input voltage may float 
with respect to the power supply and 
COMMON acts as a pre-regulator for the 
reference. If COMMON is shorted to i^ND, 
the input is single ended (referred to supply 
ground) and the pre-regulator is over-ridden. 
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TYPICAL APPLICATIONS (CONT.) 




Figure 15: 7107 with Zener diode reference. 
Since low T.C. zeners have brealcdown 
voltages - 6.8V, diode must be placed 
across the total supply (10V). As in the case 
of Figure 15, IN LO may be tied to either 
COMI\/ION or QND. 




COMMON I> 
IN HI 13- 



$«tVftEF 100 OmV 



fAAAr-WArfAAAr* — o+sv 

iKn fc^r lOKii I 1SK1I 

■"^'''" ^1.2V(ICL80«9) 




Figure 17: 7107 operated from single -f5V 
supply. An external reference must be used 
in this application, since the voltage between 
V* and y is insufficient for correct 
operation of the internal reference. 
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Figure 16: 7106/7107: Recommended 
component values for 2.000V full scale. 




Figure 18: 7107 measuring ratiometric values 
of Quad Load Cell. The resistor values within 
the bridge are determined by the desired 
sensitivity. 
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rf TYPICAL APPLICATIONS (CONT.) 




- TO BACK PLANE 



Figure 19: 7106 used as a digital centigrade 
tliermometer. A silicon diode-connected 
transistor has a temperature coefficient of 
about -2mV/''C. Calibration is achieved by 
placing the sensing transistor in ice water 
and adjusting the zeroing potentiometer for 
a 000.0 reading. The sensor should then be 
placed in boiling water and the scale-factor 
potentiometer adjusted for 100.0 reading. 



lo«ic 

Vcc 



<^z?=^^^ 



<It^ 



-C v+ 
Coi 
Cci 

C B1 
C A1 

Cfi 
C oi 
Cei 

C 02 
C C2 

CB2 
C A2 



^ OSC1 

asc2 

08C3 

TEST 

REFHI 

REFLO 

CREF 

GREF 

COMMON 

IN HI 

INLO 

A/Z 

BUFF 



=1 To logic 
=1 GND. 

3 
3 

3 
H 
3 



CO4023 
Of 74C10 



-ae 



5 



Figure 20: Circuit for developing Underrange 
and Overrange signals from 7106 outputs. 
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Figure 21: Circuit for developing Underrange 
and Overrange signals from 7107 outputs. 
The LIVI339 is required to ensure logic 
compatibility with heavy display loading. 



7106/7107 EVALUATION KITS 

After purchasing a sample of the 7106 or the 7107, the 
majority of users will want to build a simple voltmeter. The 
parts can then be evaluated against the data sheet specifi- 
cations, and tried out in the intended application. However, 
locating and purchasing even the small number of addition- 
al components required, then wiring a breadboard, can 
often cause delays of days or sometimes weeks. To avoid 
this problem and facilitate evaluation of these unique 
circuits, Intersil is offering a kit which contains all the 
necessary components to build a sVa-digjt panel meter. 
With the help of this kit, an engineer or technician can havd 
the system "up and running" in about half an hour. 

Two kits are offered, the ICL7106EV/KIT and the 
ICL7107EV/KIT. Both contain the appropriate IC, a circuit 
board, a display (LCD for 7106EV/KIT, LEDs for 7107EV/ 
KIT), passive components, and miscellaneous hardware. 

APPLICATION NOTES 

"Selecting A/D Converters", by David Fullagar. 

"The Integrating A/D Converter", By Lee Evans. 

"Do's and Don'ts of Applying A/D Converters", by 

Peter Bradshaw and Skip Osgood. 

"4V2-Digit Panel Meter Demonstrator/ 

Instrumentation Boards", by Michael Dufort. 

"Low Cost Digital Panel Meter Designs", by David 

Fullagar arid Michael Dufort. 

"Understanding the Auto-Zero and Common Mode 

Performance of the ICL71 06/7/9 Family", by Peter 

Bradshaw. 

"Building a Battery-Operated Auto Ranging DVM 

with the ICL7106", by Larry Goff. 

"Tips for Using Single-Chip sVa-Digit A/D 

Converters", by Dan Watson. 
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Scale factor adjust 
X(Vref ^ lOOmV for AC to RIWS) 




lOOpF (for optimum baiKl width) 



' TO BACK Plane 



Figure 22: AC to DC Converter with 7106. TEST is used as a common mode reference levei to ensure 
compatibility with most op-amps. 
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Figure 23: Display Buffering for increased drive current. Requires four DM7407 Hex Buffers. Each 
buffer is capable of sinking 40 mA. 
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I 12-Bit juP-Compatible 
« A/D Converter 




GENERAL DESCRIPTION 

The ICL7109 is a hi^h performance, CMOS, low power 
Integrating A/D converter designed to easily interface with 
microprocessors. 

The output data (1 2 bits, polarity and overrange) may be 
directly accessed under control of two byte enable inputs 
and a chip select input for a simple parallel bus interface. A 
UART handshake mode is provided to allow the ICL7109 to 
work with industry-standard UARTs in providing serial data 
transmission, ideal for remote data logging applications. 
The RUN/HOLD Input and STATUS output allow monitoring 
and control of conversion timing. 

The ICL7109 provides the user with the high accuracy, 
low noise, low drift, versatility and economy of the dual- 
slope integrating A/D converter. Features like true differen- 
tial input and reference, drift of less than 1 mV/°C, maximum 
Input bias current of 1 0pA, and typical power consumption 
of 20mW make the ICL7109 an attractive per-channel 
alternative to analog multiplexing for many data acquisition " 
applications. 

ORDERING INFORMATION 



FEATURES 

• 12 Bit Binary (Plus Polarity and Overrange) Dual 
Slope Integrating Analog-to-Digital Converter 

• Byte-Organized TTL-Compatible Three-State 
Outputs and UART Handshake Mode for Simple 
Parallel or Serial Interfacing to Microprocessor 
Systems 

• RUN/HOLD Input and STATUS Output Can Be 
Used to Monitor and Control Conversion Timing 

• True Differential Input and Differential Reference 

• Low Noise — Typically IS/uV p-p 

• IpA Typical input Current 

• Operates At Up to 30 Conversions Per Second 

• On-Chip Oscillator Operates With Inexpensive 
3.58MHz TV Crystal Giving 7.5 Conversions Per 
Second for 60Hz Rejection May Also Be Used 
With An RC Network Oscillator for Other Clock 
Frequencies 



PART NUMBER 


TEMP. RANGE 


PACKAGE 


ICL7109MDL 
ICL7109IDL 
ICL7109IJL 
ICL7109CPL 


-55X to +125X 
-25X to +85X 
-25*'C to +85''C 
O-'C to 70''C 


40-Pin Ceramic DIP 
40-Pin Ceramic DIP 
40-Pin CERDIP 
40-Pin Plastic DIP 



GNO C 

HIGH r"C 

ORDER 
BYTE 
OUTPUTS fM 

u 

r< 
-c 
-c 
-c 
-c 

< 

-fsvo — c 
BYTE r-C 
CONTROL -A -C 



LOW 

ORDER 

BYTE 

OUTPUTS 



INPUTS L-i 



1 GNO 


K/ yU 


2 STATUS 


REF IN-: 


3 POL 


REF CAP-: 


4 OR 


REF CAP + : 


5B12 


REFIN-^: 


6 811 


IN HI : 


7 BIO 


INLO: 


8B9 


COMMON : 


L®f , ICLTIOS «NT : 


10 B7 


Az: 


11 B6 


buf: 


12 BS 


REF OUT J 


13 B4 


v~: 


14 B3 


send: 


15 B2 


RUN/HOLD : 


16 B1 


BUF OSC OUT : 


17 TEST 


O^C SEL 4 


18 L6EN 


OSC OUT : 


19 HBEU 


OSC IN i 


20 Cfe/L6AB 


mode: 



40 3 0-f 

39 3 



36 3 ?i 



35 > 
34> 
33 > 
32 > 
31 > 
30> 
29> 



DIFFERENTIAL 
REFERENCE 



I.OImF. 



^.^Ar^ INPUT HIGH 
o INPUT LOW 



ft. 



ClNTf t 



-TfAA/V—' 



25 > 
24>—C 

23] 

22 3 

21 y 



5V 

IkU 




L9 



3.S79S MHz 
TV CRYSTAL 



^ 20kll FOR 0.2V REF 
200kn FOR 2.0V REF 



(See Figure 2 for typical connection to a UART or Microcomputer) 

Figure 1: Pin Configuration and Test Circuit 
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ABSOLUTE MAXIMUM RATINGS 

Positive Supply Voltage (GND to V"*") +6.2V 

Negative Supply Voltage (GND to V") -9V 

Analog Input Voltage (Lo or Hi) (Note 1) V"^ to V" 

Reference Input Voltage (Lo or Hi) (Note 1)..V"*" to V~ 
Digital Input Voltage V"^ +0.3V 

(Pins 2-27) (Note 2).... GND -0.3V 



Power Dissipation (Note 3) 

Ceramic Package 1W @ + 85°C 

Plastic Package 500mW@+70°C 

Operating Temperature 

Ceramic Package (MDL) -55°C to +125°C 

Ceramic Package (IDL) -25°C to +85°C 

Plastic Package (CPL) 0°C to +70*'C 

Storage Temperature -65°C to +150°C 

Lead Temperature (Soldering, 10sec) +300°C 

•COMMENT: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the devices. This is a stress rating only and 
functional operation of the devices at these or any other conditions above those indicated in the operational sections of the specifications is not implied. 
Exposure to absolute maximufri rating conditions for extended periods may affect device reliability. 



ELECTRICAL CHARACTERISTICS (V+ = +5V. v - -5V. 
indicated.) Test circuit as shown on first page of this data sheet. 

ANALOG SECTION 



GND = OV, Ta = 25°C, unless othen/vise 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 




Zero Input Reading 


ViN = O.OV 

Full Scale = 409.6mV 


-00008 


±00008 


+ 00008 


Octal 
Reading 




Ratiometric Reading 


V|n-Vref 
Vref = 204.8mV 


37778 


37778 
40008 


40008 


Octal 
Reading 




Non-Lineanty (Max deviation 
from best straight line fit) 


Full Scale = 409.6mV to 2.048V 
Over full operating temperature 
range. (Note 4), (Note 6) 


-1 


+ .2 


+ 1 


Counts 




Roll-over Error (difference 
in reading for equal pos. and 
neg. inputs near full scale) 


Full Scale = 409.6mV to 2.048V 
(Note 5), (Note 6) 


-1 


±.2 


+ 1 


Counts 


CMRR 


Common Mode Rejection Ratio 


VcM ±1V V|N = OV 
Full Scale = 409.6mV 




50 




//V/V 


VCMR 


Input Common Mode Range 


Input Hi, Input Lo, Common (Note 4) 


V- + 1.5 




V+-.1.0 


V 


en 


Noise (p-p value not 
exceeded 95% of time) 


V,N = OV 

Full Scale = 409.6mV 




15 




mv 


IjLK 


Leakage current at Input 


V|N = All devices at 25'C 
ICL7109CPL OX < Ta < +70°C (Note 4) 
ICL7109IDL -25X<Ta< +85°C (Note 4) 
ICL7109MDL -55X < Ta < + 125*'C 




1 

20 
100 

2 


10 
100 
250 

5 


pA 
pA 
pA 
nA 




Zero Reading Drift 


V|N = OV Ri = Oa (Note 4) 




0.2 


1 


juV/°C 




Scale Factor Temperature 
Coefficient 


V|N = 408.9mV = > 77708 

reading 

Ext. Ref. ppm/°C (Note 4) 




1 


5 


ppm/°C 


1 + 


Supply Current V"*" to 
GND 


V|N = 0, Crystal Osc 
3.58MHz test circuit 

Pins 2-21, 25, 26, 27, 29; open 




700 


1500 


/iA 


ISUPP 


Supply Current V+ to V~ 




700 


1500 


mA 


Vref 


Ref Out Voltage 


Referred to V"^, 25kSl 
between V+ and REF OUT 


-2.4 


-2.8 


-3.2 


V 




Ref Out Temp. Coefficient 


25ka between V+ and REF OUT 




80 




ppm/°C 


DIGITAL SECTION 


SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


Vqh 


Output High Voltage 


•out = 100/^ 

Pins 2-16, 18, 19, 20 


3.5 


4.3 




V 


Vol 


Output Low Voltage 


l0UT=1-6mA 




0.2 


0.4 


V 




Output Leakage Current 


Pins 3-16 high impedance 




±.01 


±1 


ma 




Control I/O Pullup 
Current 


Pins 18, 19, 20 VouT = V+-3V 
MODE input at GND 




5 




mA 




Control I/O Loading 


HBEN Pin 19 LBEN Pin 18 






50 


PF ' 


V|H 


Input High Voltage 


Pins 18-21, 26, 27 
referred to GND 


2.5 






V 


V|L 


Input Low Voltage 


Pins 18-21, 26, 27 
referred to GND 






1 


V 



p 

i 
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ELECTRICAL CHARACTERISTICS (CONT.) 










SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 




Input Pull-up Current 


Pins 26, 27 VouT = V+-3V 




5 




^x^ 




Input Pull-up Current 


Pins 17, 24 VouT = V+-3V 




25 




ma 




Input Pull-down Current 


Pin 21 VouT = GND +3V 




,5 




/uA 


OOH 


Octillator Output 
Current 


High 


VoUT = 2.5V 




1 




mA 


OOL 


Low 


VoUT = 2.5V 




1.5 




,mA 


BOoH 


Buffered Oscillator 
Output Current 


High 


VouT = 2.5V 




2 




mA 


BOoL 


Low 


VoUT = 2.5V 




5 




mA 


tw 


MODE Input Pulse Width 


(Note 4) 


50 






ns 



NOTES: 



Input voltages may exceed the supply voltages provided the input current is limited to ±100/liA 

Due to the SCR structure inherent in the process used to fabricate these devices, connecting any digital inputs or outputs to 

voltages greater than V*" or less than GND may cause destructive device latchup. For this reason it is recommended that no inputs 

from sources other than the same power supply be applied to the ICL7109 before its power supply is established, and that in 

multiple supply systems the supply to the ICL7109 be activated first. 

This limit refers to that of the package and will not be obtained during normal operation. 

This parameter is not production tested, but is guaranteed by design. 

Roll-over error for Ta= -55°C to +125°C is ±3 counts maximum. 



6. A full scale voltage of 2.048V is used because a full scale voltage of 4.096V exceeds the devices Common Mode Voltage Range. 

TABLE 1: — Pin Assignment and Function Description 



PIN 


SYMBOL 


DESCRIPTION 


1 


GND 


Digital Ground, OV. Ground return for all 
digital logic. 


2 


STATUS 


Output High during integrate and deinte- 
grate until data is latched. 
Output Low when analog section is in 
Auto-Zero configuration. 


3 


POL 


Polarity — HI for Positive input. 


All 
three 
state 
output 
data 

bits 


4 


OR 


Overrange — HI if Overranged. 


5 


B12 


Bit 12 


(Most Significant Bit) 


6 


B11 


Bit 11 


HI = true 


7 


BIO 


Bit 10 


8 


B9 


Bit 9 


9 


B8 


Bit 8 


10 


B7 


Bit 7 


11 


B6 


Bit 6 


12 


B5 


pit 5 


13 


B4 


Bit 4 


14 


B3 


Bit 3 


15 


B2 


Bit 2 


16 


B1 


Bit 1 


(Least Significant Bit) 


17 


TEST 


Input High — Normal Operation. 
Input Low — Forces all bit outputs high. 
Note: This input is used for test purposes 
only. Tie high if not used. 


18 


LBEN 


Low Byte Enable — With Mode (Pin 21) low, 
and CE/LOAD (Pin 20) low, taking this pin 
low activates low order byte outputs B1 — 
B8. 

— With Mode (Pin 21) high, this pin serves 
as a low byte flag output used in handshake 
mode. See Figyres 8, 9, 10. 


19 


HBEN 


High Byte Enable — With Mode (Pin 21) low, 
and CE/LOAD (Pin 20) low. taking this pin 
low activates high order byte outputs B9 — 
B12, POL. OR. 

-With Mode (Pin 21) high, this pm serves 
as a high byte flag output used in handshake 
mode. See Figures 8, 9. 10. 



PIN 


SYMBOL 


DESCRIPTION 


20 


CE/LOAD 


Chip Enable Load — With Mode (Pin 21) low. 


CE/LOAD serves as a master output enable. 
When high, B1 — B12, POL, OR outputs are 
disabled. 

— With Mode (Pin 21) high, this pin serves 
as a load strobe used in handshake mode. 
See Figures 8. 9, 10. 


21 


MODE 


Input Low — Direct output mode where Ce7 

LOAD (Pin 20), HBEN (Pin 19) and LBEN 

(Pin 18) act as inputs directly controlling byte 

outputs. 

Input Pulsed High — Causes immediate entry 

into handshake mode and output of data as 

in Figure 10. 


Input High — Enables CE/LOAD (Pin 20). 
HBEN (Pin 19), and LBEN (Pin 18) as 
outputs, handshake mode will be entered and 
data output as in Figures 8 and 9 at 
conversion completion. 


22 


OSC IN 


Oscillator Input 


23 


OSC OUT 


Oscillator Output 


24 


OSC SEL 


Oscillator Select— Input high configures 
OSC IN. OSC OUT, BUF OSC OUT as RC 
oscillator — clock will be same phase and 
duty cycle as BUF OSC OUT. 
— Input low configures OSC IN, OSC OUT 
for crystal oscillator — clock frequency will 
be 1/58 of frequency at BUF OSC OUT. 


25 


BUF OSC 
OUT 


Buffered Oscillator Output 


26 


RUN/HOLD 


Input High — Conversions continuously 
performed every 8192 clock pulses. 
Input Low — Conversion in progress 
completed, converter will stop in Auto-Zero, 7 
counts before integrate. 


27 


SEND 


Input — Used in handshake mode to indicate 
ability of an external device to accept data. 
Connect to +5V if not used. 


28 


V" 


Analog Negative Supply — Nominally -5V 
with respect to GND (Pin 1). 


29 


REF OUT 


Reference Voltage Output — Nominally 2.8V 
down from V* (Pin 40). 


30 


BUFFER 


Buffer Amplifier Output 



Note: All typical values have been guaranteed by characterization and are not tested. 
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PIN 


SYMBOL 


DESCRIPTION 


31 


AUTO-ZERO 


Auto-Zero Node — Inside foil of Caz 


32 


INTEGRATOR 


Integrator Output — Outside foil of C|nt 


33 


COMMON 


Analog Common — System is Auto-Zeroed 
to COMMON 


34 


INPUT LO 


Differential Input Low Side 


35 


INPUT HI 


Differential Input High Side 



PIN 


SYMBOL 


DESCRIPTION 


36 


REF IN + 


Differential Reference Input Positive 


37 


REF CAP + 


Reference Capacitor Positive 


38 


REF CAP 


Reference Capacitor Negative 


39 


REF IN 


Differential Reference Input Negative 


40 


V"^ 


Positive Supply Voltage — Nominally + 5V 
with respect to GND (Pin 1). 



s 



Note: All digital levels are positive true. 
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V+46 

REF IN- 36 
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REF IN ^ 36 

IN HI 3S 

INL0 34 

COM 33 

INT 32 

AZ31 

BUF30 
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V-26 
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OSC IN 22 



|1*.F 
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Figure 2A: Typical Connection Diagram UART Interface - 
UART 



To transmit latest result, send any word to 



i-SV-j- 
ONO- 



*5V 
♦$V- 
♦$V- 
♦$V- 



ONO- 



^^ 



XTAL1 

1 TO 
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21-M 



^^-k- 



7 EA 
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11 ALE 
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TL 
40 VCC 

12-19 

080-OS7 

20SND i5io 



P14.P17 

PIS 30 
P12 29 

P11 as 

P10 27 



*$V- 
QNO- 

♦ sv- 



si 



40 V"^ 
1 QNO 
17 TEST 



26 RUWfRSa 
2 S TATU S 
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ISRiEVi 

3-6 

•9-812.POL.OR 

9-16 

SI -55 

20 CE/LOAD 



REF IN 
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REF IN ^ 
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INLO 
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INT 

AZ 

BUF 

REF OUT 

V" 

SEND 

BUF OSC OUT 
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OSCIN 

MODE 



IIa-F 



-On — QNO 
EXTERNAL 
REFERENCE 



M 



"VA— <-^ 



^=^^^ 



i5pF 



WAr-J 



--$V 
-♦SV 



R.NT 201(0 0.2V REF. 
200k() 2V REF. 



|3.S6MHi 

I CRYSTAL 



Figure 2B: Typical Connection Diagram Parallel Interface With 8048 Microcomputer 



DETAILED DESCRIPTION 
Analog Section 

Figure 3 shows the equivalent circ uit of the Analog 
Section of the ICL7109. When the RUN/HOLD input is (eft 
open or connected to V"*" , the circuit will perform conver- 
sions at a rate determined by the clock frequency (8192 
clock periods per cycle). Each measurement cycle is 
divided into three phases as shown in Figure 4. They are (1) 
Auto-Zero (AZ), (2) Signal Integrate (INT) and (3) Deinte- 
grate (DE). 



Auto-Zero Phase 

During auto-zero three things happen. First, input high 
and low are disconnected from their pins and internally 
shorted to analog COMMON. Second, the reference capac- 
itor is charged to the reference voltage. Third, a feedback 
loop is Closed around the system to charge the auto-zero 
capacitor Caz to compensate for offset voltages in the 
buffer amplifier, integrator, and comparator. Since the 
comparator is included in the loop, the AZ accuracy is 
limited only by the noise of the system. In any case, the 
offset referred to the input is less than 10)uV. 
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I INT 
INPUT HIGH 0—^5" 



COMMON (^ 



INPUT LO (^—^)- 



TO ZERO CROSS 
DETECTOR 
DIGITAL SECTION 




FROM CONTROL 
' LOGIC 
DEINT (+)-• DIGITAL SECTION 
OEINT (-) ♦— 



Figure 3: Analog Section 



ZERO CROSSING 
OCCURS 



INTEGRATOm I 

OUTPUT I 




ZERO CROSSING I 
^DETECTE D \ 



DEINT PHASE III- 



-U-AZ-* 



INTERNAL CLOCK ,-Lr TJIJIJI, ^1X11111, JlIUlTir TJlJlJlJir 



INTERNAL LATCH ! 



STATUS OUTPUT I 



2048 

-COUNTS- 

MIN. 



FIXED 

- 2048 - 

COUNTS 



NUMBER OF COUNTS TO ZERO CROSSING 
PROPORTIONAL TO Vin 



/ 



^, 



4096 COUNTS_ 

MAX ~ ^ 

AFTER ZERO CROSSING, 
ANALOG SECTION WILL 
BE IN AUTOZERO 
CONFIGURATION 



Figure 4: Conversion Timing (RUN/HOLD Pin l-ligh) 



Signal Integrate Phase 

During signal integrate the auto-zero loop is opened, the 
internal short Is removed and the internal high and low 
inputs are connected to the external pins. The converter 
then integrates the differential voltage between IN HI and IN 
LO for a fixed time of 2048 clock periods. Note that this 
differential voltage must be within the common mode range 
of the inputs. At the end of this phase, the polarity of the 

jri+QqrotQrj ciqrioi ig rJQtQrrY»jn@rj_ 

De-Integrate Phase 

The final phase is de-integrate, or reference integrate. 
Input low is internally connected to analog COMMON and 
input high is connected across the previously charged 



(during auto-zero) reference capacitor. Circuitry within the 
Chip ensures that the capacitor will be connected with the 
correct polarity to cause the integrator output to return to 
zero crossing (established in Auto Zero) with a fixed slope. 
Thus the time for the output to return to zero (represented 
by the number of clock periods counted) is proportional to 
the input signal. 

Differential Input 

The input can accept differential voltages anywhere 
within the common mode range of the input amplifier; or 
specifically from 1.0 volts below the positive supply to 1.5 
volts above the negative supply. In this range the system 
has a CMRR of 86dB typical. However, since the integrator 
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also swings with the common mode voltage, care must be 
exercised to assure the Integrator output does not saturate. 
A worst case condition would be a large positive common 
mode voltage with a near full-scale negative differential 
input voltac(e. The negative input signal drives the integrator 
positive when most of its swing has been used up by the 
positive common mode voltage. For these critical applica- 
tions the integrator swing can be reduced to less than the 
recommended 4V full scale with some loss of accuracy. The 
integrator output can swing within 0.3 volts of either supply 
without loss of linearity. 

The ICL7109 has, however, been optimized for operation 
with analog common near digital ground. With power 
supplies of +5V and -5V, this allows a 4V full scale 
integrator swing positive or negative thus maximizing the 
performance of the analog section. 

Differential Reference 

The reference voltage can be generated anywhere within 
the power supply voltage of the converter. The main source 
of common mode error is a roll-over voltage caused by the 
reference capacitor losing or gaining charge to stray 
capacity on its nodes. If there is a large common mode 
voltage, the reference capacitor can gain charge (increase 
voltage) when called up to deintegrate a positive signal but 
lose charge (decrease voltage) when called up to deinte- 
grate a negative input signal. This difference in reference 
for ( + ) or (-) Input voltage will give a roll-over error. 
However, by selecting the reference capacitor large enough 
in comparison to the stray capacitance, this error can be 
held to less than 0.5 count for the worst case condition (see 
Component Values Selection below). 

The roll-over error from these sources is minimized by 
having the reference common mode voltage near or at 
analog COMMON. 

Component Value Selection 

For optimum performance of the analog section, care 
must be taken in the selection of values for the integrator 
capacitor and resistor, auto-zero capacitor, reference volt- 
age, and conversion rate. These values must be chosen to 
suit the particular application. 

The most important consideration is that the integrator 
output swing (for full-scale input) be as large as possible. 
For example, with ±5V supplies and COMMON connected 
to GND, the nominal integrator output swing at full scale is 
±4V. Since the integrator output can go to 0.3V from either 
supply without significantly affecting llnoarity, a 4V integra- 
tor output swing allows 0.7V for variations in output swing 
due to component value and oscillator tolerances. With ±5V 
supplies and a common mode range of ±1V required, the 
component values should be selected to provide ±3V 
Integrator output swing. Noise and rollover errors will be 
slightly worse than in the ±4V case. For larger common 
mode voltage ranges, the Integrator output swing must be 
reduced further. This will Increase both noise and rollover 
errors. To improve the performance, supplies of ±6V may 
be used. 
Integrating Resistor 

Both the buffer amplifier and the integrator have a class A 
output stage with lOOjuA of quiescent current. They supply 
20juA of drive current with negligible non-linearity. The 
integrating resistor should be large enough to remain in this 
very linear region over the input voltage range, but small 



enough that undue leakage requirements are not placed on q 
the PC board. For 4.096 volt full scale, 200k^ is near <0 
optimum and similarly a 20k^ for a 409.6mV scale. For 
other values of full scale voltage, R|nt should be chosen by 
the relation 



R|NT^ 



full scale voltage 
20iuA 



Integrating Capacitor 

The integrating capacitor Cint should be selected to give 
the maximum integrator output voltage swing without satu- 
rating the integrator (approximately 0.3 volt from either 
supply). For the ICL7109 with ±5 volt supplies and analog 
common connected to GND, a ±3.5 to ±4 volt integrator 
output swing is nominal. For 7-1 /2 conversions per second 
(61.72kHz clock frequency) as provided by the crystal 
oscillator, nominal values for C|nt £ind Caz are O.IS/zF and 
0.33)LtF, respectively. If different clock frequencies are used, 
these values should be changed to maintain the integrator 
output voltage swing. In general, the value of C|nt 's given 
by 



C|NT = 



(2048 X clock period)(20MA) 
integrator output voltage swing 



An additional requirement of the integrating capacitor is 
that it have low dielectric absorption to prevent roll-over 
errors. While other types of capacitors are adequate for this 
application, polypropylene capacitors give undetectable 
errors at reasonable cost up to 85°C. For the military 
temperature range, Teflon® capacitors are recommended. 
While their dielectric absorption characteristics vary some- 
what from unit to unit, selected devices should give less 
than 0.5 count of error due to dielectric absorption. 

Auto-Zero Capacitor 

The size of the auto-zero capacitor has spme influence 
on the noise of the system: the smaller the capacitor the 
lower the overall system noise. However, Caz cannot be 
increased without limits since it, in parallel with the integrat- 
ing capacitor forms an R-C time constant that determines 
the speed of recovery from overloads and more important 
the error that exists at the end of an auto-zero cycle. For . , 
409.6mV full scale where noise is very important and the *^ ^ 
integrating resistor small, a value of Caz twice C|nt is 
optimum. Similarly for 4.096V full scale where recovery is 
more important than noise, a value of Caz equal to half of 
C|(MT is recommended. 

For optimal rejection of stray pickup, the outer foil of Caz 
should be connected to the R-C summing junction and the 
inner foil to pin 31 . Similarly the outer foil of Cinj should be 
connected to pin 32 and the inner foil to the R-C summing 
junction. Teflon®, or equivalent, capacitors are recom- 
mended above 85°C for their low leakage characteristics. 

Reference Capacitor 

A 1/uF capacitor gives good results in most applications. 
However, where a large reference common mode voltage 
exists (i.e. the reference low is not at analog common) and 
a 409.6mV scale is used, a larger value is required to 
prevent roll-over error. Generally 10/liF will hold the roll-over 
error to 0.5 count in this Instance. Again, Teflon®, or 
equivalent capacitors should be used for temperatures 
above 85°C for their low leakage characteristics. 
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55 Reference Voltage 

— The analog input required to generate a full scale output 
of 4096 counts is V|n = 2Vref- Thus for a normalized 
scale, a reference of 2.048V should be used for a 4.096V 
full scale, and 204.8mV should be used for a 0.4096V full 
scale. However, in many applications where the A/D is 
sensing the output of a transducer, there will exist a scale 
factor other than unity between the absolute output voltage 
to be measured and a desired digital output. For instance, in 
a weighing system, the designer might like to have a full 
scale reading when the voltage from the transducer is 
0.682V. Instead of dividing the input down to 409.6mV, the 
input voltage should be measured directly and a reference 
voltage of 0.341V should be used. Suitable values for 
-integrating resistor and capacitor are 34kS2 and O.IS/uF. 
This avoids a divider on the input. Another advantage of this 
system occurs when a zero reading is desired for non-zero 
input. Temperature and weight measurements with an 
offset or tare are examples. The offset may be introduced 
by connecting the voltage output of the transducer between 
common and analog high, and the offset voltage between 
common and analog low, observing polarities carefully. 
However, in processor-based systems using the ICL7109, it 
may be more efficient to perform this type of scaling or tare 
subtraction digitally using software. 
Reference Sources 

The stability of the reference voltage is a major factor in 
the overall absolute accuracy of the converter. The resolu- 
tion of the ICL7109 at 12 bits is one part in 4096, or 
244ppm. Thus if the reference has a temperature coeffi- 
cient of 80ppm/°C (onboard reference) a temperature 
difference of 3**C will introduce a one-bit absolute error. 

For this reason, It is recommended that an external high- 
quality reference be used where the ambient temperature is 
not controlled or where high-accuracy absolute measure- 
ments are being made. 

The ICL7109 provides a REFerence OUTput (pin 29) 
which may be used with a resistive divider to generate a 
suitable reference voltage. This output will sink up to about 
20mA without significant variation in output voltage, and is 
provided with a pullup bias device which sources about 
1 0juA. The output voltage is nominally 2.BV below V "*" , and 
has a temperature coefficient of ±80ppm/°C typ. When 
using the onb6ard reference, REF OUT (Pin 29) should be 
connected to REF- (pin 39), and REF+ should be con- 
nected to the wiper of a precision potentiometer between 
REF OUT and V^. The circuit for a 204.8mV reference is 
shown in the test circuit. For a 2.048mV reference, the fixed 
resistor should be removed, and a 25kS^ precision potenti- 
ometer between REF OUT and V"^ should be used. 

Note that if pihs 29 and 39 are tied together and pins 39 
and 40 accidentally shorted (e.g., during testing), the 
reference supply will sink enough current to destroy the 
device. This can be avoided by placing a 1kl2 resistor in 
series with pin 39. 

DETAILED DESCRIPTION 
Digital Selection 

The digital section includes the clock oscillator and 
scaling circuit, a 12-bit binary counter with output latches 
and TTL-compatlble three-state output drivers, polarity, 
over-range and control logic, and UART handshake logic, 
as shown in Figure 5. 



Throughout this description, logic levels will be referred to 
as "low" or "high". The actual logic levels are defined in 
the Electrical Characteristics Table. For minimum power 
consumption, all inputs should swing from GND (low) to V"^ 
(high). Inputs driven from TTL gates should have 3-5k^ 
pullup resistors added for maximum noise Immunity. 

IMODE Input 

The MODE Input is used to control the output mode of 
the converter. When the MODE pin is low or left open (this 
input is provided with a pulldown resistor to ensure a low 
level when the pin is left open), the converter is in its 
"Direct" output mode, where the output data is directly 
accessible under the control of the chip and byte enable 
inputs. When the MODE input is pulsed high, the converter 
enters the UART handshake mode and outputs the data in 
two bytes, then returns to "direct" mode. When the MODE 
input is left high, the converter will output data in the 
handshake mode at the end of every conversiori cycle. (See 
section entitled "Handshake Mode" for further details). 

STATUS Output 

During a conversion cycle, the STATUS output goes high 
at the beginning of Signal Integrate (Phase II), and goes low 
one-half clock period after new data from the conversion 
has been stored in the output latches. See Figure 4 for 
details of this timing. This signal may be used as a "data 
valid" flag (data never changes while STATUS Is low) to 
drive interrupts, or for monitoring the status of the convert- 
er. 

RUN/HOLD Input 

When the RUN/HOLD input is high, or left open, the 
circuit-Will continuously perform conversion cycles, updating 
the output latches after zero crossing during the Deinte- 
grate (Phase III) portion of the conversion cycle (See Figure 
4). In this mode of operation, the conversion cycle will be 
performed in 8192 clock periods, regardless of the resulting 
value. 

If RUN/HOLD goes low at any time during Deintegrate 
(Phase III) after the zero crossing has occurred, the circuit 
will immediately terminate Deintegrate and jump to Auto- 
Zero. This feature can be used to eliminate t he time spent in 
Deintegrate after the zero-crossing. If RUN/HOLD stays or 
goes low, the converter will ensure minimu m Auto -Zero 
time, and then wait in Auto-Zero until the RUN/HOLD input 
goes high. The converter will begin the Integrate (Phase II) 
portion of the next conversion (and the STATUS output will 
go high) seven clock periods after the high level Is detected 
at RUN/HOLD. See Figure 6 for details. 
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Figure 6: Run/IHold Operation 



Using the RUN/HOLD input in this manner allows an 
easy "convert on demand" interface to be use d. The 
converter may b e held a t idle in auto-zero with RUN/HOLD 
low. When RUN/HOLD goes high the conversion is started, 
and when the STATUS output goes low the new data Is 
valid ( or tran sferred to the UART — see Handshake Mode). 
RUN/HOLD may now be taken low which terminates 
delntegrate and ensures a minimum Auto-Zero time before 
the next conversion. 



Alternately, RUN/HOLD can be used to minimize conver- 
sion time by ensuring that it goes low during Delntegrate, 
after zero crossing, and goes high after t he hol d point is 
reached. The required activity on the RUN/HOLD input can 
be provided by connecting it to the Buffered Oscillator 
Output. In this mode the conversion time is dependent on 
the input value measured. Also refer to Intersil Application 
Bulletin A032 for a discussion of the effects this will have on 
Auto-Zero performance. 



If the RUN/ HOLD input goes low and stays low during 
Auto-Zero (Phase I), the converter will sim ply stop at the 
end of Auto-Zero and wait for RUN/HOLD to go high. As 
above. Integrate (Phase II) begins seven clock periods after 
the high level is detected. 

Direct Mode 

When the MODE pin is left at a low level, the data outputs 
(bits 1 through 8 low order byte, bits 9 through 12, polarity 
and over-range high order byte) are accessible under 
control of the byte and chip enable terminals as inputs. 
These three inputs are ail active low, and are provided with 
pullup resistors to ensure an Inactive high level when left 
open. When the chip eriable input is low, taking a byte 
enable input low will allow the outputs of that byte to 
become active (three-stated on). This allows a variety of 
parallel data accessing techniques to be used, as shown in 
the section entitled "Interfacing." The timing requirements 
for these outputs are shown in Figure 7 and Table 2. 
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H Table 2 — Direct Mode Timing 

^ Requirements 

(See Note 4 of Electrical Characteristics) 



SYMBOL 


DESCRIPTION 


MIN 


TYP 


MAX 


UNIT 


tBEA 


Byte Enable Width 


350 


220 , 




ns 


tDAB 


Data Access Time 
from Byte Enable 




210 


350 


ns 


tDHB 


Data Hold Time 
from Byte Enable 




150 


300 


ns 


tCEA 


Chip Enable Width 


400 


260 




ns 


tDAC 


Data Access Time 
from Chip Enable 




! 260 


400 


ns 


tDHC 


Data Hold Time 
from Chip Enable 




240 


400 


ns 




HIGH BYTE 
DATA ' 



-. |^AT^___^ ^_t 



LOW BYTE 
DATA " 



r~ 



DATA 
VALID 




— — — = HIGH IMPEDANCE 

WF0113 

Figure 7: Direct Mode Output Timing 



It should be noted that these control inputs are asynchro- 
nous with respect to the converter clock — the data may be 
accessed at any time. Thus it is possible to access the 
latches while they are being updated, which could lead to 
erroneous data. Synchronizing the access of the latches 
with the conversion cycle by monitoring the STATUS output 
will prevent this. Data is never updated while STATUS is 
low. 

Handshake Mode 

. The handshake output mode is provided as an alternative 
means of interfacing the ICL7109 to digital systems, where 
the A/D converter becomes active in controlling the flow of 
data instead of passively responding to chip and byte 
enable inputs. This mode is specifically designed to allow a 
direct interface betwjeen the ICL7109 and Industry-standard 
UAPTs (such as the Intersil IM6402/3) with no external 
logic required. When triggered into the handshake mode, 
the ICL7109 provides all the control and flag signals 
necessary to sequentially transfer two bytes of data into the 
UART and initiate their transmission in serial form. This 
greatly eases the tasK and reduces the cost of designing 
remote data acquisition stations using serial data transmis- 
(Sion. 

Entry into the handshake mode Is controlled by the 
MODE pin. When the MODE terminal is held high, the 



ICL7109 will enter the handshake mode after new data has 
been stored in the output latches at the end of a conversion 
(See Figures 8 and 9). The MODE terminal may also be 
used to trigger entry into the handshake mode on demand. 
At any time during the conversion cycle, the low to high 
transition of a short pulse at the MODE input will cause 
immediate entry into the handshake mode. If this pulse 
occurs while new data is being stored, the entry into 
handshake mode is delayed until the data is stable. While 
the converter is in the handshake mode, the MODE input is 
ignored, and although conversions will still be performed, 
data updating will be inhibited (See Figure 10) until the 
converter completes the output cycle and clears the 
handshake mode. 

When the converter enters the handshake mode, or 
when the MODE input is high, the chip and byte enable 
terminals become TTL-compatible outputs which provide 
the control signals for the output cycle (See Figures 8, 9, 
and 10). 

In handshake mode, the SEND input is used by the 
converter as an indication of the ability of the receiving 
device (such as a UART) to accept data. 

Figure 8 shows the sequence of the output cycle with 
SEND held high. The handshake mode (Internal MODE 
high) is entered after the da t a latch pul se, and since MODE 
remains high the CE/LOAD, LBEN and HBEN terminals are 
active as outputs. The high level at the SEND input is 
sensed on the same high to low internal clock edge that 
terminates the data lat ch pulse. O n the n ext low to high 
internal clock edge the CE/LOAD and the HBEN outputs 
assume a low level, and the high-order byte (bits 9 through 
12, POL, and OR) outputs are enabled. The CE/LOAD 
output remains low for one full internal clock period only, 
the data outputs remain active for 1-1/2 internal clock 
periods, and the h igh byte en able remains low for two clock 
periods. Thus the CE/LOAD output low level or low to high 
edge may be used as a synchronizing signal to ensure valid 
data, and the byte enable as an output may be used as a 
byte identification flag. With SEND rema ining high the 
conve rter completes the output Cycle using CE/LOAD and 
LBEN while the low order byte outputs (bits 1 through 8) are 
activated. The handshake mode is terminated when both 
bytes are sent. 

Figure 9 shows an output sequence where the SEND 
input is used to delay portions of the sequence, or 
handshake to ensure correct data transfer. This timing 
diagram shows the relationships that occur using an indus- 
try-standard 1M6402/3 CMOS UART to interface to serial 
data channels. In this interface, the SEND input to the 
ICL7109 is driven by the TBRE (Tran smitter Buff er Register 
Empty) output of the UART, and the CE/LOAD terminal of 
the ICL7109 drives the TBRL (Transmitter Buffer Register 
Load) input to the UART. The data outputs are paralleled 
into the eight Transmitter Buffer Register inputs. 
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Figure 8: Handshake With Send Held Positive 
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Figure 10: Handshake Triggered By Mode 



Assuming the UART Transmitter Buffer Register is emp- 
ty, the SEND input will be high when t he handsha ke mode is 
entered after new data is stored. The CE/LOAD and HBEN 
terminals will go low after SEND Is sens ed, and the high 
order byte outputs become active. When CE/LOAD goes 
high at the end of one clock period, the high order byte data 
Is clocked into the UART Transmitter Buffer Register. The 
UART TBRE o utput w ill now go low, which halts the output 
cycle with the HBEN output low, and the high order byte 
outputs active. When the UART has transferred the data to 
the Transmitter Register and cleared the Transmitter Buffer 
Register, the TBRE returns highi On the next ICL7109 
internal clock high to low edge, the high order byte outputs 
are disabled, and one-half internal clock l ater, the H BEN 
output returns high. At the same time, the CE/LOAD and 
LBEN outputs go low, and the l ow order b yte outputs 
become active. Similarly, when the CE/LOAD returns high 
at the end of one clopk period, the low order data is clocked 
into the UART Transmitter Buffer Register, and TBRE again 
goes low. When TBRE returns to a high it will be sensed on 
the next ICL7109 internal clock high to low edge, disabling 
the data outputs. One-half internal clock late r , the h and- 
shake mode will be cleared, and the CE/LOAD, HBEN, and 
LBEN terminals return high and stay active (as long as 
MODE stays high). 

With the MODE input remaining high as in these exam- 
ples, the converter will output the results of every conver- 
sion except those completed during a handshake operation. 
By triggering the converter Into handshake mode with a low 



to high edge on the MODE input, handshake output 
sequences may be performed on demand. Figure 9 shows a 
handshake output sequence triggered by such an edge. In 
additiori, the SEND input is shown as being low when the 
converter enters handshake mode. In this case, the whole 
output sequence is controlled by the SEND input, and the 
sequence for the first (high order) byte is similar to the 
sequence for the second byte. This diagram also shows the 
output sequence taking longer than a conversion cycle. 
Note that the converter still ma kes conversions, with the 
STATUS output and RUN/HOLD input functioning normally. 
The only difference is that new data will not be latched 
when in handshake mode, and is therefore lost. 

Oscillator 

The ICL7109 is provided with a versatile three terminal 
oscillator to generate the internal clock. The oscillator may 
be overdriven, or may be operated with an RC network or 
crystal. The OSCILLATOR SELECT input changes the 
internal configuration of the oscillator to optimize it for RC or 
crystal operation. 

When the OSCILLATOR SELECT input is high or left 
open (the input Is provided with a pullup resistor), the 
oscillator is configured for RC operation, and the internal 
clock will be of the same frequency and phase as the signal 
at the BUFFERED OSCILLATOR OUTPUT. The resistor 
and capacitor should be connected as in Figure 11. The 
circuit will oscillate at a frequency given by f = 0.45/ RC. A 
lOOkS^ resistor is recommended for useful ranges of 
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frequency. For optimum 60Hz line rejection, the capacitor 
value should be chosen such that 2048 clock periods is 
close to an integral multiple of the 60Hz period (but should 
not be less than 50pF). 
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Figure 11: RC Oscillator 



When the OSCILLATOR SELECT input is low a feedback 
device and output and input capacitors are added to the 
oscillator. In this configuration, as shown in Figure 11, the 
oscillator will operate with most crystals in the 1 to 5MHz 
range with no external components. Taking the OSCILLA- 
TOR SELECT input low also inserts a fixed ^58 divider 
circuit between the BUFFERED OSCILLATOR OUTPUT 
and the internal clock. Using an inexpensive 3.58MHz TV 
crystal, this division ratio provides an integration time given 
by: . 



T = (2048 Clock periods) x 



58 



,3.58MHz. 



= 33.18ms 



This time is very close to two 60Hz periods or 33.33ms. The 
error is less than one percent, which will give better than 
' 40dB 60Hz rejection. The converter will operate reliably at 
conversion rates of up to 30 per second, which corresponds 
to a clock frequency of 245.8kHz. 
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Figure 12: Crystal Oscillator 



If at any tirne the oscillator is to be overdriven, the 
overdriving signal should be applied at the OSCILLATOR 
INPUT, and the OSCILLATOR OUTPUT should be left 
open. The internal clock will be of the same frequency, duty 
cycle, and phase as the input signal when OSCILLATOR 
SELECT is left open. When OSCILLATOR SELECT is at 
GND, the clock will be a factor of 58 below the input 
frequency. 

When using the ICL7109 with the IM6403 UART, it is 
possible to use one 3.58MHz crystal for both devices. The 



BUFFERED OSCILLATOR OUTPUT of the ICL7109 may be 
used to drive the OSCILLATOR INPUT of the UART, saving 
the need for a second crystal. However, the BUFFERED 
OSCILLATOR OUTPUT does not have a great deal of drive 
capability, and when driving more than one slave device, 
external buffering should be used. 

Test Input 

When the TEST input is taken to a level halfway between 
V"*" and GND, the counter output latches are enabled, 
allowing the counter contents to be examined anytime. 

When the TEST input is connected to GND, the counter 
outputs are all forced into the high state, and the internal 
clock is disabled. When the Input returns to the 1/2 (V*" 
-GND) voltage (or to V"^) and one clock is applied, all the 
counter outputs will be clocked to the low state. This allows 
easy testing of the counter and its outputs. 

INTERFACING 
Direct Mode 

Figure 13 shows some of the combinations of chip 
enable and byte enable control signals which may be used 
when i nterfacing the ICL7109 to parallel data lines. The CE/ 
LOAD input may be tied low, allowing either byte to be 
controlled by its own enable as in Figure 13A. Figure 13B 
shows a configuration where the two byte e nables are 
connected together. In this con figurati on, t he CE / LOAD 
serves as a chip enable, and the HBEN and LBEN may be 
connected to GND or serve as a second chip enable. The 
14 data outputs will al l be enable d simultaneously. Figure 
13C s hows the HBEN and EBO^I as flag inputs, and CE7 
LOAD as a master enable, which could be the READ strobe 
available from most microprocessors. 
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Figure 13: Direct Mode Chip and Byte EnabSe Combinations 
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Figure 14 shows an appro ach to int erfacin g several 
ICL7109S to a bus, ganging the HBEN and LBEN sign als to 
several converters together, and using the CE/LOAD inputs 
(perhaps decoded from an address) to select the desired 
converter. 

Some practical circuits utilizing the parallel three-state 
output capabilities of the ICL7109 are shown in Figures 15 
through 20. Figure 15 shows a straightfon^^ard application to 
the Intel 8048/80/85 microprocessors via an 8255PPI, 
where the iCL7i09 data outputs are active at ail times. The 
I/O ports of an 8155 may be used in the same way. This 
interface can be used in a read-anytime mode, although a 
read performed while the data latches are being updated 



will lead to scrambled data. This will occur very rarely, in the 
proportion of setup-skew times to conversion time. One way 
to overcome this is to read the STATUS output as well, and 
if it is high, read the data again after a delay of more than 
1/2 converter clock period. If STATUS is now low, the 
second reading is correct, and if it is still high, the first 
reading Is correct Alternatively, this timing problem, is 
completely avoided by using a read-after-update sequence, 
as shown in Figure 16. Here the high to low transition of the 
STATUS output drives an interrupt to the microprocessor 
causing it to acc ess the data latches. This application also 
shows the RUN/HOLD input being used to initiate conver- 
sions under software control. 
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Figure 15: Full-time Parallel Interface to 8048/80/35 Microprocessors 
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Figure 16: Full-time Parallel Interface to 8048/80/85 Microprocessors With Interrupt 



A similar interface to Motorola MC6800 or MOS Technol- 
ogy MCS650X systems is shown in Figure 1 7. The high to 
low transition of the STATUS output generates an interrupt 
via the Co ntrol R egister B CB1 line. Note that CB2 controls 
the RUN/ HOLD pin through Control Register B, allowing 
software-controlled initiation of conversions in this system 
as well. 

The three-state output capability of the ICL7109 allows 
direct interfacing to most microprocessor busses. Examples 



of this are shown in Figures 1 8 and 1 9. It is necessary to 
carefully consider the system timing in this type of interface, 
to be sure that requirements for setup and hold times, and 
minimum pulse widths are met. Note also the drive limita- 
tions on long buses. Generally this type of interface is only 
favored if the memory peripheral address density is low so 
that simple address decoding can be used. Interrupt han- 
dling can also require many additional components, and 
using an interface device will usually simplify the system In 
this case. 
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Figure 17: Full-time Parallel Interface to MC680X or MCS650X Microprocessors 













^ 


ADDRESS BUS 


I 








A14 


... .^ 






} 


CONTROL BUS 




( 


1 

) 












SF* 














^ 


DATA BUS 


\ 




K 








^ 


^V 


ji^ 




^^ 


LO 










HBEN LBEN 

B9-B12 
POL, OR 

ICL7109 

B1.B8 


6 




8008, 8080, 8085 


•MEMRorlOR 
for 8080/8228 Sy$t«in 

LD00410I 

0/8085 




/ 


8 




Y 

ANALOG 

IN 












/»E/i r 


>AD 




MODE RUN/HC 


)LD 










1 

GNO +5V 

Figure 1C 


\: D 


irec 


t Inl 


terfa 


ce — ICL7109 to 808 



6-62 



Note: All typical values have been guaranteed by characterization and ^re not tested. 



ICL7109 



a — c 



fv^ 



ANALOG 
IN 



MODE RUN/HOLD 



B9-B12 
POL. OR 



A- 

5 




V 



A- 



U 







c 



MC680X 
OR 

Mcsesox 



ADDRESS DATA CONTROL 
BUS BUS BUS 



Figure 19: Direct ICL7109 — l\/IC680X Bus Interface 



Handshake Mode 

The handshake mode allows ready interface with a wide 
variety of external devices. For instan ce, externa l latches 
may be clocked by the rising edge of CE/LOAD, and the 
byte enables may be used as byte identification flags or as 
load enables. 

Figure 20 shows a handshake interface to Intel micropro- 
cessors again using an 8255PPI. The handshake operation 
with the 8255 is controlled by inverting its Input Buffer Full 
(IB F) flag to dr ive the SEND input to the ICL7109, and using 
the CE/LOAD to drive the 8255 strobe. The internal control 
register of the PPI should be set in MODE 1 for the port 
used. If the 7109 is in handshake mode and the 8255 IBF 
flag is low, the next word will be strobed into the. port. The 
strobe will cause IBF to go high (SEND goes low), which will 
keep the enabled byte outputs active. The PPI will generate 
an interrupt which when executed will result in the data 
being read. When the byte is read, the IBF will be reset low, 
which causes the ICL7109 to sequence into the next byte. 
This figure shows the MODE input to the ICL7109 connect- 
ed to a control line on the PPI. If this output is left high, or 
tied high separately, the data from every conversion (provid- 
ed the data access takes less time than a conversion) will 
be sequenced in two bytes into the system. 

If this output is made to go from low to high, the output 
sequence can be obtained on demand, and the interrupt 
may b e used to reset the MODE bit. Note that the RUN/ 
HOLD input to the ICL7109 may also be driven by a bit of 
the 8255 so that conversions may be obtained on command 



under software control. Note that one port of the 8255 is not 
used, and can service another peripheral device. The same 
arrangement can also be used with the 8155. 

Figure 21 shows a similar arrangement with the MC6800 
or MCS650X microprocessors, except that both MODE and 
RUN/HOLD are tied high to save port outputs. 

The handshake mode is particularly convenient for direct- 
ly interfacing to industry standard UARTs (such as the 
Intersil IM6402/6403 or Western Digital TR1602) providing 
a minimum component count means of serially transmitting 
converted data. A typica^ UART connection is shown in 
Figure 2A. In this circuit, any word received by the UART 
causes the UART DR (Data Ready) output to go high. This 
drives the MODE input to the ICL7109 high, triggering the 
ICL7109 into handshake rriode. The high order byte is 
output to the UART first, and when the UART has trans- 
ferred the data to the Transmitter Register, TBRE (SEND) 
goes high and the secon d byte is output. When TBRE 
(SEND) goes high again, LBEN will go high, driving the 
UART DRR (Data Ready Reset) which will signal the end of 
the transfer of data from the ICL7109 to the UART. 

Figure 22 shows an extension of the one converter — 
one UART scheme to several ICL7109s with one UART. In 
this circuit, the word received by the UART (available at the 
RBR outputs when DR is high) is used to select which 
converter will handshake with the UART. With no external 
components, this scheme will allow up to eight ICL7109s to 
Interface with one UART. Using a few more components to 
decode the received word will allow up to 256 converters to 
be accessed on one serial line. 
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Figure 21: Handshake Interface — ICL7 109 to MC6800, MCS650X 



MC6800 

OR 
MCS650X 



6-64 
Note: All typical values have been guaranteed by charactenzation and are not tested. 



ICL7109 



IM$403 CMOS UART 
TBRLORR TBRE RBR1-RBR8 



SERIAL OUTPUT 



SERIAL INPUT 
TBR1-TBR8 



8-BiT DATA BUS 



5 



MODE CE/ SEND 
LOAD 

B9-B12 
POL. OR 

ICL7109 



RUN/HOLO 
HBEN LBEN 



A 
V 







MODE ^/ SEND 

l6ad 

89-812 
POL. OR 

ICL7109 



h 



RUN/HOLD 
HBEN LBEN 



MODE CE/ SEND 
CtJSD 

B9-B12 
POL. OR 

ICL7109 



-.ouo 

HBEN LBEN 



Figure 22: Multiplexing Converters with Mode Input 



o 

(0 



The applications of the ICL7109 are not limited to those 
shown here. The purpose of these examples is to provide a 
starting point for users to develop useful systems, and to 
show some of the variety of interfaces and uses of the 
ICL7109. Many of the ideas suggested here may be used in 
combin ation; in particular the uses of the STATUS, RUN/ 
HOLD, and MODE signals may be mixed. 

APPLICATION NOTES 

A016 "Selecting A/D Converters," by David Fullagar 
"The Integrating A/D Converters," by Lee Evans 
"Do's and Don'ts of Applying A/D Converters," by 
Peter Bradshaw and Skip Osgood 
"The ICL7104 — A Binary Output A/D Converter for 
Microprocessors," by Peter Bradshaw 

A032 "Understanding the Auto-Zero and Common Mode 
Performance of the ICL7106 Family," by Peter 
Bradshaw 

"Interfacing Data Converters & Microprocessors," 
by Peter Bradshaw et al, Electronics, Dec. 9, 1976. 



A017 
A018 

A030 



R005 
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t ICL7115 

S 14-Bit High-Speed 
- CI\/IOS juP-Compatibie 
A/D Converter 




GENERAL DESCRIPTION 

The ICL7115 is the first monolithic 14-bit resolution, fast 
successive approximation A/D converter. It uses thin film 
resistors and CMOS circuitry combined with an on-chip 
PROM calibration table to achieve 13-bit linearity without 
laser trimming. Special design techniques used in the DAC 
and comparator result in high speed operation, while the 
fully static silicon-gate CMOS circuitry keeps the power 
dissipation very low. 

Microproc essor b us int erfacin g is made easy by the use 
of standard WRite an d ReaD cy cle timing and control 
signals, combined with Chip Select and Address pins. The 
digital output pins are byte-organized and three-state gated 
for bus interface to 8 and 16-bit systems. 

The ICL7115 provides separate Analog and Digital 
grounds. Analog ground, voltage reference and input volt- 
age pins are separated into force and sense lines for 
increased system accuracy. Operating with ±5V supplies, 
the ICL71 1 5 accepts OV to + 5V input with a -5V reference 
or OV to — 5V input with a +5V reference. 



FEATURES 

• 14-Bit Resolution (LSB = SOSjuV) 

• No Missing Codes 

• i\/licroprocessor Compatible Byte-Organized 
Buffered Outputs 

• Fast Conversion (40ius) 

• Auto-Zeroed Comparator for Low Offset Voltage 

• Low Linearity and Gain Tempco 
(1.5ppm/°C, 5ppm/°C) 

• Low Power Consumption (60m W) 

• No Gain or Offset Adjujstment Necessary 

• Provides 3% Useable Overrange 

• FORCE/SENSE and Separate Digital and Analog 
Ground Pins for Increased System Accuracy 

ORDERING INFORMATION 



PART 
NUMBER 


RESOLUTION 

WITH NO 

MISSING CODES 


TEMP. 
RANGE 


PACKAGE 


ICL7115JCDL 
ICL7115KCDL 


12 Bits 

13 Bits 


OX to +70X 
OX to +70X 


40 Pin Ceramic 
40 Pin Ceramic 


ICL7115JIDL 
ICL7115KIDL 


12 Bits 

13 Bits 


-25X to 85X 
-25Xto +85X 


40 Pin Ceramic 
40 Pin Ceramic 


ICL7115JMDL 
ICL7115KMDL 
ICL7115JMLL 
ICL7115KMLL 


12 Bits 

13 Bits 

12 Bits 

13 Bits 


-55Xto +125X 
-55Xto +125X 
-55Xto +125X 
-55Xto +125X 


40 Pin Ceramic 

40 Pin Ceramic 

40 Pin LCC 

40 Pin LCC 
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ICL7115 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Supply Voltage V*" to DGND -0.3V to +6.5V 

Supply Voltage V" to DGND +0.3V to -6.5V 

VreFs. VREFf. V|Ns. V|Nf to DGND +25V to -25V 

AGNDs, AGNDf to DGND +1V to -1V 

Current in FORCE and SENSE Lines 25mA 

Digital I/O Pin Voltages -0.3V to V"^ +0.3V 

PROG to DGND Voltage V" to V"^ +0.3V 



O 

r 
SI 



Operating Temperature Range 

ICL7115XCXX 0°C to +70°C 

ICL7115XIXX -25°C to +85^C 

ICL7115XMXX -55*^0 to +125°C 

Storage Temperature Range - 65°C to + 1 50°C 

Power Dissipation 500mW 

derate above 70°C @ 100mW/°C 

Lead Temperature (Soldering, 10sec) 300°C 

NOTE 1: All voltages with respect to DGND, unless otherwise noted. 

Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 
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Figure 2: ICL7115 Functional Block Diagram 
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I ICL7115 

g ELECTRICAL CHARACTERISTICS 

DC ELECTRICAL CHARACTERISTICS V+ = +5.0V, V 
otherwise noted. 



-5.0V, Vrefs= -5.0V, Ta= +25°C, fcLK = 500kHz unless 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 




Resolution 


SC = V|H 


14 






Bits 


SC = V|L 


12 






ILE 


Integral Linearity Error 


Note 1 


J 






±0.018 


%FSR 


K 






±0.012 


TC(ILE) 


Temperature Coefficient of Ile 


TA= Operating Range 




1 


1.5 


ppm/°C 


RES(NMC) 


Min Resolution with No Missing 
Codes 


Ta = 25°C 


J 


12 






Bits 


K 


13 






Ta = Operating Range (Note 2) 


J 


11 






K 


12 






FSE 


Full Scale Calibration Error 
(Adjustable to Zero) 




J 






±0.1 


%FSR 


K 






±0.08 


TC(FSE) 


Temperature Coefficient of FSE 


Ta = Operating Range 




2 


5 


ppm/°C 


ZE 


Zero Error 


Notes 1,2 






±1 


LSB 


TC(ZE) 


Temperature Coefficient of ZE 


Ta = Operating Range 






1 


ppm/°C 


PSRR 


Power Supply Rejection Ratio 


Ta = 25°C 




±\2 


±1 


LSB 


Ta = Operating Range 






±2 


V|N 


Analog Input Range 
(V|Ns. Vrefs) 




to +5 






V 


R|N 


Input Resistance (Vins. Vrefs) 


Note 3 


4 




9 


k« 


Tc(RiN) 




Ta = Operating Range 




-300 




Ppm/°C 


'supply 


Supply Current, I + , 1- 


Ta-25°C 
TA=Operating Range 




2 


4 


mA 






6 


VSUPPLY 


Supply Voltage Range 


Functional Operation Only 


±4.5 




±6.0 


V 


V|L 


Low State Input Voltage 


Operating Temperature Range 






0.8 


V 


V|H 


High State Input Voltage 


Operating Temperature Range 


2.4 






V 


Ilih 


Logic Input Current 


0<V|N>V"^ 




1 


10 


mA 


Vol 


Low State Output Voltage 


l0UT=1-6mA 

Operating Temperature Range 






0.4 


V 


VOH 


High State Output Voltage 


louT = -200,uA 

Operating Temperature Range 


2.8 






V 


•ox 

C|N 


Three-State Output Current 
Logic Input Capacitance 


0<VouT>V + 
(Note 4) 




1 




PF 




15 




COUT 


Logic Output Capacitance 


Three-State (Note 4) 




15 





NOTES: 1. Full-scale range (FSR) is 5V (reference adjusted). 

2. Assume all leads soldered or welded to pnnted circuit board. 

3. Assume all leads soldered or welded to pnnted circuit board. 
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Figure 3: Read Cycle Timing with BUS = V,|_ 
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Figure 4: Write Cycle Timing 



AC ELECTRICAL CHARACTERISTICS v+ - +5.0V, V" = -5.0V, Ta= +25°c, fdk-sookHz unies 
otherwise noted. Data derived from extensive characterization testing. Parameters are not 100% production tested. 



SYMBOL J 


PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


READ CYCLE TIMING 


ted 


Prop. Delay CS to Data 


RD Low, Ao Valid 






200 


ns 


tad , 


Prop. Delay Aq to Data 


CS Low, RD Low 






200 


trd 


Prop. Delay RD to Data 


CS Low, Ao Valid 






200 


trx 


Prop. Delay Data to Three State 








100 


ted 


Prop. Delay EDO High to Data 








200 


WRITE CYCLE TIMING 


twr 


WR Low Time 


, 


100 






ns 


twe 


Prop. Delay WR Low to EDC Low 


Wait Mode 


1 




2 


1 /folk 


teo 


EOC High Time 


Free-Run Mode 


0.5 




1.5 


tconv 


Conversion Time 


SC = V|H 






20 


SC-ViL 






18 
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a TABLE 1: PIN DESCRIPTIONS 



PIN 


NAME 


FUNCTION 


1 


VREFf 


FORCE line for reference input. 


2 


AGNDf 


FORCE input for analog ground 


3 


C§ 


Chip Select enables reading and wnting 
(active low) 


4 


RD 


ReaD (active low) 


5 


Ao 


Byte select (low = Do-D7, 
high = D8-Di3, OVR) 


6 


BUS 


Bus select (low = outputs enabled by Aq, 
high - all outputs enabled together) 


7 


DGND 


Digital GrouND return 


8 


Di3 


Bit 13 (most significant) 

Bit 12 

Bit 11 

Bit 10 

Bit 9 Output 

Bit 8 Data 

Bit 7 Bits 

Bit 6 (High = True) 

Bit 5 

Bit 4 

Bit 3 

Bit 2 

Bit 1 

Bit (least significant) 


High Byte 


9 


Di2 


10 


D11 


11 


Dio 


12 


Dg 


13 


D8 


14 


D7 


Low Byte 


15 


De 


16 


D5 


17 


D4 


18 


Da 


19 


D2 


20 


Di 


21 


Do 


22 


B15 


Used for programming only (leave open) 


23 


B16 


24 


Bi7 


25 


EOC 


End Of Conversion flag (low = busy, 
high - conversion complete) 


26 


OVR 


OVerRange flag (valid at end of conversion 
when output code exceeds full-scale, three- 
state output enabled with high byte) 


27 


V + 


Positive power supply input 


28 


PROG 


Used for programming only. Tie to V"^ for 
normal operation 


29 


TEST 


Used for programming only. Tie to V*" for 
normal operation 


30 


0SC1 


dscillator inverter input 


31' 


0SC2 


Oscillator inverter output 


32 


, §n 


Short cycle input (high = 14-bit, low=12-bit 
operation) 


33 


WR 


WRite pulse input (low starts new conversion) 


34 


Caz 


Auto-zero capacitor connection 


35 


v~ 


Negative power supply input 


36 


COMP 


Used in test, tie to V" 


37 


ViNs 


SENSE line for input voltage 


38 


VreFs 


SENSE line for reference input 


39 


AGNDs 


SENSE line for analog ground 


40 


ViNf 


FORCE line for input voltage 



TABLE 2: I/O CONTROL 


cs 


WR 


RD 


Ao 


BUS 


FUNCTION 








X 


X 


X 


Initiates a Conversion 


1 


X 


X 


X 


X 


Disables all Chip Commands 





X 











Low Byte is Enabled 





X 





1 





High Byte is Enabled 





X 





X 


1 


Low and High Bytes Enabled Together 


X 


X 


1 


X 


X 


Disables Outputs (High-Impedance) 



TABLE 3: TRANSFER FUNCTION 



INPUT VOLTAGE 


EXPECTED OUTPUT CODE 


VreF=-5.0V 


OVR 


MSB 




LSB 



+ 0.0003 










000000000000 
00000000 00 




1 


+ 0.150 








000011110101 


1 


+ 2.4997 
+ 2.500 








1 


111111111111 

000000000000 


'1 




+ 4.9994 
+ 4.9997 
+ 5.000 
+ 5.0003 





1 

1 


1 
1 




111111111111 
111111111111 

000000000000 
000000000000 




1 



1 


+ 5.150 


1 





000011110 1, 01 


1 



DETAILED DESCRIPTION 

The ICL7115 is basically a successive approximation 
A/D converter with an internal structure much more com- 
plex than a standard SAR-type converter. Figure 2 shows 
the functional diagram of the ICL71 15 14-bit A/D converter. 
The additional circuitry incorporated into the ICL7115 is 
used to perform error correction and to maintain the 
operating speed in the 40ius range. 

The internal 17-brt DAC of the ICL7115 Is designed 
around a radix of 1 .85 rather than the traditional 2.00. This 
radix gives each bit of the DAC a weight of approximately 
54% of the previous bit. The result Is a useable range that 
extends to 3% beyond the fuH-scale input of the A/D. The 
actual value of each bit Is measured and stored in the on- 
chip PROM. The absolute value of each bit weight then 
becomes relatively unimportant because of the error correc- 
tion action of the ICL7115. 

The output of the high-speed auto-zeroed comparator Is 
fed to the data input of a 1 7-bit successive approximation 
register (SAP). This registeir is uniquely designed for the 
ICL7115 in that it tests bit pairs Instead of individual bits in 
the manner of a standard SAR. At the beginning of the 
conversion cycle, the SAR turns on the MSB (Bie) and the 
MSB-4 bit (Bi2)- The sequence continues for each bit pair, 
Bx and Bx.4, until only the four LSBs remain. The sequence 
concludes by testing the four LSBs individually. 

The SAR output Is fed to the DAC register and to the 
preprogrammed 1 7-word by 1 7-bit PROM where it acts as 
PROM address. PROM data is fed to a 17-bit full-adder/ 
accumulator where the decoded results from each succes- 
sive phase of the conversion are summed with the previous 
results. After 20 clock cycles, the accumulator contains the 
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final binary data which is latched and sent to the three-state 
output buffers. The accuracy of the A/D converter depends 
primarily upon the accuracy of the data that has been 
programmed into the PROM during the final test portion of 
the manufacturing process. 

The error correcting algorithm built into the ICL7115 
reduces the initial accuracy requirements of the DAC. The 
overlap in the testing of bit pairs reduces the accuracy 
requirements on the comparator which has been optimized 
for speed. Since the comparator is auto-zeroed, no external 
adjustment is required to get ZERO code for ZERO input 
voltage. 

Twenty clock cycles are required for the complete 1 4-bit 
conversion. The auto-zero circuitry associated with the 
comparator is employed during the last three clock cycles 
of the conversion to cancel the effect of offset voltage. Also 
during this time, the SAR and accumulator are reset in 
preparation for the start of the next conversion. When the 
Short Cycle (SO) input is low, 1 8 clock cycles are required 
to complete a 12-bit conversion. 

The overflow output of the 17-bit full-adder is also the 
OVerRange (OVR) output of the ICL7115. Unlike standard 
SAR-type A/D converters, the ICL71 1 5 has the capability of 
providing valid useable data for inputs that exceed the full- 
scale range by as much as 3%. 

OPTIMIZING SYSTEM PERFORMANCE 

The FORCE and SENSE inputs for V|n and Vref are 
also shown driven by external op-amps. This technique 
eliminates the effect of small voltage drops which can 
appear between the input pin of the IC package and the 
actual resistor on the chip. If the small gauge wire and the 
bonds that connect the chip to its package have more than 
SOOmfZ of total series resistance, the result can be a 
voltage error equivalent to 1 LSB. If no op-amps are used for 
V|N and Vref. connections should be made directly to the 
SENSE lines. The external op-amps also serve to transform 
the relatively low impedance at the V|n and Vref P'^s into 
a high impedance. The input offset voltages of these 
amplifiers should be kept low In order to maintain the overall 
A/D converter system accuracy. 

When using A/D converters with more than 12 bits of 
resolution, special attention must be paid to grounding and 
the elimination of potential ground loops. A ground loop can 
be formed by allowing the return current from the ICL71 1 5's 
DAC to flow through traces that are common to other 
analog circuitry. If care is not taken, this current can 
generate small unwanted voltages that add to or detract 
from the reference or Input voltages of the A/D converter. 

Ground loops can be eliminated by the use of the analog 
ground FORCE and SENSE lines provided on the ICL7115 
as shown in Figures 5 and 6. In Figure 5 the FORCE line Is 
the only point that is connected to system analog ground. In 
Figure 6, the op-amp A3 forces the voltage at AGND to be 
equal to analog system ground. The addition of this op-amp 
overcomes the main deficiency of the arrangement in 
Figure 5: the V|n and Vref sources are not referenced to 
true analog system ground. 

The clamp diodes in Figure 6 are required because 
spurious op-amp output on AGNDf during power-on can 
exceed the absolute max rating of ±1.0V between AGDf 
and DGND. The two inverse-parallel diodes clamp the 
voltage between AGNDs and DGND to ±0.7V. 



INPUT WARNING 

As with any CMOS integrated circuit, no input voltages 
should be applied to the ICL7115 until the ±5V power 
supplies have stabilized. 

INTERFACING TO DIGITAL SYSTEMS 

The ICL7115 provides three-state data output buffers, 

CS, RD, WR, and bus select inputs (Aq and BUS) for 
interfacing to a wide variety of microcomputers and digital 
systems. The I/O Control Truth Table shows the functions 
of the digital control lines. The BUS select and Aq lines are 
provided to enable the output data onto e ither 8-bit or 1 6-bit 
data buses. A conversion is initiated by a WR pulse (pin 33) 
when CS (pin 3) Is low. Data is enabled on the bus when the 
chip is selected and RD (pin 4) is low. 
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Figure 7 illustrates a typical interface to an 8-bit micro- 
computer. The "Start and Wait" operation requires the 
fewest external components and Is initiated by a low level 
on the WR Input to the ICL7115 after the I/O or memory- 
mapped address decoder has brought the CS Input low. 
After executing a delay or utility routine for a period of time 
greater than the conversion time of the ICL7115, the 
processor issues two consecutive bus addresses to read 
output data into two bytes of memory. A low level on Aq 
enables the LSBs and a high level enables the MSBs. 
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Figure 7: "Start and Wait" Operation 



By adding a three-state buffer and two control gates, the 
End-of-Converslon (EOC) output can be used to control a 
"Start and Poll" interface (Figure 8). In this mode, the Aq 
and CS lines connect the EOC output to the data bus al ong 
with the most significant byte of data. After pulsing the WR 
line to initiate a conversion, the microprocessor continually 



reads the most significant byte until it detects a high level 
on the EOC bit. The "Start and PpH" interface increases 
data throughput compared with the "Start and Wait" 
method by eliminating delays between the conversion 
termination and the microprocessor read operation. 
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Figure 8: "Start and Poll" Operation 



Other interface configurations can be used to increase 
data throughput without monopolizing the microprocessor 
during waiting or polling operations by using the EOC line as 
an interrupt generator as shown in Figure 9. After the 
conversion cycle is initiated, the microprocessor can contin- 
ue to execute routines that are independent df the A/D 



converter until the converter's output register actually holds 
valid data. For fastest data throughput, the ICL71 1 5 can be 
connected directly to the data bus but controlled by way of 
a Direct Memory Access (DMA) controller as shown in 
Figure 9. 
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Figure 9: Using EOC as an Interrupt 
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Figure 10: Data to Memory via DiyiA Controller 
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APPLICATIONS 

Figure 1 1 shows a typical application of the ICL71 15 14- 
bit A/D converter. A bipolar input voltage range of + 5V to 
-5V Is the result of using the current through R2 to force a 
1 /2 scale offset on the input amplifier (A2). The output of A2 
swings from OV to -5V. The overall gain of the A/D is 
varied by adjusting the lOOk^i trim resistor, R5. Since the 
ICL7115 is automatically zeroed every conversion, the 
system gain and offset stability will be superb as long as a 
reference with a tempco of 1ppm/°C and stable external 
resistors are used. 

In Figure 1 1 , note that the 0.22/liF auto-zero capacitor is 
connected directly between the Caz P'" and analog ground 
SENSE. A3 forces the analog ground of the ICL7115 to be 
the zero reference for the input signal. Its offset voltage is 
not important in this example because the voltage to be 
digitized is referred to the analog ground SENSE line rather 
than system analog ground. It is important to note that since 
the 7115's DAC current flows in A% A2 and A3 these 
amplifiers should be wideband (GBW > 20MHz) types to 
minimize errors. 

The clock for the ICL71 1 5 is taken from whatever system 
clock is available and divided down to the 500kHz level for a 
conversion time of 40jus. Output data is controlled by the 
BUS and An inputs. Here they are set for 8-blt bus operation 
with BUS grounded and Aq under the control of the address 
decode section of the external system. 

Because the ICL7115's Internal accumulator generates 
accurate output data for input signals as much as 3% 



greater than full-scale, and because the converter's OVR 
output flags overrange inputs, a simple microprocessor 
routine can be employed to precisely measure and correct 
for system gain and offset errors. Figure 1 2 shows a typical 
data acquisition system that uses a 5.0V reference, input 
signal multiplexer, and input signal Track/Hold amplifier. 
Two of the multiplexer's input channels are dedicated to 
sampling the system analog ground and reference voltage. 
Here, as in Figure 1 1 , bipolar operation is accommodated 
by an offset resistor between the reference voltage and the 
summing junction of Ai. A flip-flop in IC3 sets IC2's Track/ 
Hold Input after the microprocessor has initiated a WR 
command, and resets when EOC goes high at the end of 
the conversion. 

The first step in the system calibration routine is to select 
the multiplexer channel that is connected to system analog 
ground and initiate a conversion cycle for the ICL71 15. The 
results represent the system offset error which comes from 
the sum of the offsets from IC1, IC2, and A-}. Next the 
channel connected to the reference voltage is selected and 
measured. These results, minus the system offset error, 
represent the system full-scale range. A gain error correc- 
tion factor can be derived from this data. Since the ICL71 1 5 
provides valid data for inputs that exceed full-scale by as 
much as 3%, the OVR output can be thought of as a valid 
15th data bit. Whenever the OVR bit is high, however, the 
total 14-bit result should be checked to insure that it falls 
within 100% and 103% of full-scale. Data beyond 103% of 
full-scale should be discarded. 
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d 



The ICL7115 provides an internal inverter whicli is 
brought out to pins 0SC1 and 0SC2, for crystal or ceramic 
resonator oscillator operation. The clock frequency is 
calculated from: 

20 

fCLK = ^or 1 4-bit operation 

*conv 



and 



18 

^CLK = ^or 1 2-bit operation 

tconv 
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5 ICL711#7117 

I Ste-Digit LCD/LED 

^ Single-Chip A/D Converter 

4 with Display Hold 




GENERAL DESCRIPTION 

The Intersil ICL7116 and 711 7 are high performance, low 
power 3-V2 digit A/D converters. All the necessary active 
devices are contained on a single CMOS I.C., including 
seven segment decoders, display drivers, reference, and a 
clock. The 71 16 is designed to interface with a liquid crystal 
display (LCD) and includes a backplane drive; the 71 17 will 
directly drive an instrument-size light emitting diode (LED) 
display. 

The 7116 and 7117 have almost all of the features of the 
7106 and 7107 with the addition of a HoLD Reading input. 
With this Input, it is possible to make a measurement and 
then retain the value on the display indefinitely. To make 
room for this feature the reference Input has been refer- 
enced to Common rather than being fully differential. These 
circuits retain the accuracy, versatility, and true economy of 
the 7106 and 7107. They feature auto-zero to less than 
lOjuV, zero drift of less than 1iuV/°C, input bias current of 
1 0pA maximum, and roll over error of less than one count. 
The versatility of true differential input is of particular 
advantage when measuring load cells, strain gauges and 
other bridge-type transducers. And finally, the true economy 
of single power supply operation (7116) enables a high 
performance panel meter to be built with the addition of only 
eleven passive components and a display. 



FEATURES 

• Hold Reading Input Allows Indefinite Display 
Hold 

• Guaranteed Zero Reading for Volts Input 

• True Polarity at Zero for Precise Null Detection 

• 1pA Input Current Typical 

• True Differential Input 

• Direct Display Drive — No External Components 
Required — LCD ICL7116 

— LED ICL7117 

• Low Noise — Less Than ISjuV pk-pk Typical 

• On-Chip Clock and Reference 

• Low Power Dissipation — Typically Less Than 
lOmW 

• No Additional Active Circuits Required 

• New Small Outline Surface Mount Package 
Available 

ORDERING INFORMATION 



PART NUMBER 


TEMPERATURE 
RANGE 


PACKAGE 


ICL7116CDL 
ICL7116CPL 
ICL7116CJL 
ICL7116CM44 


0°C to +70X 
OX to +70X 
OX to +70X 
OX to +70X 


40-Pin Ceramic DIP 
40-Pin Plastic DIP 
40-Pin CERDIP 
44-Pin Surface Mount 


ICL7117CDL 
ICL7117CPL 
ICL7117GJL 


OX to +70X 
OX to +70''C 
0°C to +70°C 


40-Pin Ceramic DIP 
40-Pin Plastic DIP 
40-Pin CERDIP 



i 



HLOROI 
01c 2 
C1C 3 
C4 
AlC 5 
F1C 6 
QIC 7 
E1C 8 
021= 9 
C2C 10 
11 



A2C 12 

F2C 13 

I E2C 14 

I DSC 15 

B3C 16 

F3C 17 

E3C 18 

(1000) AB4C 19 



TT" 



TUb 

39D 
30 3 
37 3 
36 3 
35 3 

7116 LCD 3*E 

7117 LED "" 

32b 



31 

30 3 
29 3 
28 3 

27 3 
26 3 

25 D 
24 3 
23 3 
22 3 



08C1 

OSC2 

OSC3 

TEST 
I REF HI 

V 

C'ref 

C"ref 

COMMON 

IN HI 

INLO 
lA/Z 

BUFF 
I INT 
IV' 

G2 (TENS) 

BP/GND 

(7116)/(7117) 

CD00840I 



i!!ilisls' 




i ZSQStiZSSS 



Figure 1: Pin Configurations 
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ICL7116/7117 

ABSOLUTE MAXIMUM RATINGS 

ICL7116 

Sppply Voltage (V"^ to V") 15V 

Analog Input Voltage (either input) (Note 1) .V"*" to V" 

Reference Input Voltage (either input) V"*" to V" 

HLDR, Clock Input Test to V"^ 

Power Dissipation (Note 2) 

Ceramic Package 1 0OOmW 

Plastic Package 800mW 

Operating Temperature 0°C to +70°C 

Storage Temperature -65°C to +150°C 

Lead Temperature (Soldering, 10sec) 300°C 



ICL7117 

Supply Voltage V"*" +6V 

V- -9V 

Analog Input Voltage (either Input) (Note 1) ..V"*" to V~ 

Reference Input Voltage (either input) V"*" to V~ 

HLDR, Clock Input Gnd to V"^ 

Power Dissipation (Note 2) 

Ceramic Package lOOOmW 

Plastic Package 800mW 

Operating Temperature 0°C to +70**C 

Storage Temperature -65°C to +150*'C 

Lead Temperature (Soldering, 10sec) 300°C 



Note 1: Input voltages may exceed the supply voltages provided the input current is limited to ±100/iA. 

Note 2: Dissipation rating assumes device is mounted with all leads soldered to pnnted circuit board. 

Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to 
absolute maximum rating conditions for extended penods may affect device reliability. 

ELECTRICAL CHARACTERISTICS (Note 3) 



PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


Zero Input Reading 


V|N = O.OV 

Full Scale = 200.0mV 


- 000.0 


±000.0 


+ 000.0 


Digital Reading 


Ratiometnc Reading 


V|N = Vref 
VREF=100mV 


999 


999/1000 


1000 


Digital Reading 


Rollover Error (Difference tn 
reading for equal positive and 
negative reading near, Full Scale) 


IViN 1- 200.0mV 


-1 


±0.2 


+ 1 


Counts 


Lineanty (Max. deviation from 
best straight line fit) 


Full Scale = 200mV 

or Full Scale = 2.000V (Note 7) 


-1 


±0.2 


+ 1 


Counts 


Common Mode Rejection Ratio 
(Note 4) 


VcM = ±1V, V|N = OV, 
Full Scale = 200.0mV 




50 




juV/V 


Noise (Pk — Pk value not exceeded 
95% of time) 


V|N = OV 

Full Scale = 200.0mV 




15 




/iV 


Leakage Current @ Input 


V|N = OV (Note 7) 




1 


10 


.PA 


Zero Reading Dnft 


OX < Ta < 70X (Note 7) 




0.2 


1 


nwrc 


Scale Factor Temperature 
Coefficient 


V|N = 199 0mV 

OX < Ta < 70X 

(Ext. Ref. Oppm/°C) (Note 7) 




1 


5 


ppm/°C 


V"*" Supply Current (Does not 
include LED current for 7117) 


V|N = 




0.8 


1.8 


mA 


V- Supply Current (7117 only) 






0.6 


1.8 


mA 


Analog Common Voltage (With 
respect to pos. supply) 


25ki2 between COMMON 
& pos. Supply 


2.4 


2.8 


3.2 


V 


Temp. Coeff. of Analog Common 
(with respect to pos. Supply) 


25kf2 between COMMON 
& pos. Supply 




80 




ppm/X 


Input Resistance, Pin 1 (Note 6) 




30 


70 




kO. 


V|L, Pin 1 (7116 only) 








TEST +1.5 


V 


V|L. Pin 1 (7117 only) 








GND +1.5 


V 


V|H, Pin 1 (Both) 




V^-1.5 






V 


7116. ONLY 

Pk-Pk Segment Drive Voltage 
Pk-Pk Backplane Drive Voltage 
(Note 5) 


V+ -V" =9V 


4 
4 


5 
5 


6 
6 


V 
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ICL7116/7117 



ELECTRICAL CHARACTERISTICS (CONT.) 










PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


7117 ONLY 

Segment Sinking Current 
(Except Pin 19 and 20) 
(Pm 19 only) 
(Pin 20 only) 


V + = 5.0V 

Segment Voltage = 3V 


5 
10 
4 


8.0 
16 
7 




mA 



NOTES: 3. Unless otherwise noted, specifications apply to both the 7116 and 7117 at Ta = 25°C, fdock = 48kHz. 7116 is tested in the circuit of 
Figure 4, 7117 is tested in the circuit of Figure 5. 

4. Refer to "Differential Input" discussion. 

5. Back plane drive is in phase with segment drive for 'off' segment, 180° out of phase for 'on' segment. Frequency is 20 times 
conversion rate. Average DC component is less than 50mV. 

6. The 7116 logic input has an internal pull-down resistoi" connected from HLDR, pin 1, to TEST, pin 37. The 7117 logic input has an 
internal pull-down resistor connected from HLDR, pin 1 to GROUND, pin 21. 

7. Not tested, guaranteed by design. 



TEST CIRCUITS 



Hh' 






H'hli 



INTERSIL 7116 




Figure 2: ICL7116 Test Circuit and Typical 
Application With Liquid Crystal Display 




INTERSIL 7117 




j_j_jljJv 



Figure 3: ICL7117 Test Circuit and Typical 
Application With LED Display 



DETAILED DESCRIPTION 
Analog Section 

Figure 4 shows the Analog Section for the ICL7116 and 
7117. Each measurement cycle is divided into three 
phases. They are (1) auto-zero (A/Z), (2) signal integrate 
(INT) and (3) de-integrate (DE). 

Auto-iero phase 

During auto-zero three things happen. First, input high 
and low are disconnected from the pins and internally 
shorted to analog COMMON. Second, the reference capac- 
itor Is charged to the reference voltage. Third, a feedback 
loop is closed around the system to charge the auto-zero 
capacitor Caz to compensate for offset voltages in the 
buffer amplifier, integrator, and comparator. Since the 
comparator is included in the loop, the A-Z accuracy is 
limited only by the noise of the system. In any case, the 
offset referred to the input is less than lOjuV. 

Signal Integrate phase 

During signal Integrate, the auto-zero loop is opened, the 
internal short is removed, and the internal input high and 
low are connected to the external pins. The converter then 
integrates the differential voltage between IN HI and IN LO 
for a fixed time. This differential voltage can be within a wide 
common mode range; within one volt of either supply. If, on 
the other hand, the input signal has no return with respect 
to the converter power supply, IN LO can be tied to analog 
COMMON to establish the correct common-mode voltage. 
At the end of this phase, the polarity of the integrated signal 
is determined. 

De-integrate phase 

The final phase is de-integrate, or reference integrate. 
Input low is Internally connected to analog COMMON ahd 
Input high is connected across the previously charged 
reference capacitor. Circuitry within the chip ensures that 
the capacitor will be connected with the correct polarity to 
cause the integrator output to return to zero. The time 
required for the output to return to zero is proportional to the 
input signal. Specifically the digital reading displayed is 
1000 i^Y 

\Vref/ 
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Figure 4; Analog Section of 7116/7117 



Differential Input 

> The input can accept differential voltages anywhere 
within the common mode r^nge of the input amplifier, or 
specifically from 0.5 volts below the^ positive supply to 1 .0 
volt above the negative supply. \n this range the system has 
a CMRR of typically 86clB. However, since the integrator 
also swings with the common mode voltage, care must be 
exercised to assure the integrator output does not saturate. 
A worse case condition would be a large positive common- 
mode voltage with a near full-scale negative differential 
input voltage. The negative input signal drives the integrator 
positive when most of its swing has been used up by the 
positive common mode voltage. For these critical applica- 
tions the integrator swing can be reduced to less than the 
recommended 2V full scale swihg with little Ipss of accura- 
cy. The integrator output can swing to within 0.3 volts of 
either supply without loss of linearity. See A032 for a 
discussion of the effects of stray capacitance. 

Reference 

The reference input must be generated as a positive 
voltage with respect to COMMON. Note that current flowing 
in the COMMON pins' internal resistance causes a slight 
shift in the effective reference voltage, disturbing ratlometric 
readings at low reference inputs. Impossible, do not let this 
current vary. 

Analog COMMON 

This pin is included primarily to set the common mode 
voltage for battery operation (7116) or for any systenn where 
the input signals are floating with respect to the power 
supply. The COMMON pin sets a voltage that is approxi- 
mately 2.8 volts less than the positive supply. This is 
selected to provide proper operation with a minimum end- 
of-life battery voltage of about 6V. However, the analog 
COMMON does have some of the attributes of a reference 
voltage. When the total supply voltage is large enough to 
cause the zener to regulate ( > 7V), the COMMON voltage 
will have a low voltage coefficient (.001 %/V), low output 



impedance (~15^), and a temperature coefficient typically 
less than 80ppm/°C. 

The limitations of the on-chip reference should also be 
recognized, however. With the 7117, the internal heating 
which results from the LED drivers can cause some 
degradation In performance. Due to their higher thermal 
resistance, plastic parts are poorer in this respect than 
ceramic. The combination of reference Temperature Coeffi- 
cient (TC), internal chip dissipatloh, and palckage thermal 
resistance can increase noise near full scale from 25iuV to 
80MVpk-pk. Also the linearity in going from a high dissipa- 
tion count such as 1000 (20 segments on) to a low 
dissipation count such as 1 1 1 1 (8 segments on) can suffer 
by a count or more. Devices with a positive TC reference 
may require several counts to pull out of an overload 
condition. This Is because overload is a low dissipation 
mode, with the three least significant digits blanked. Similar- 
ly, units with a negative TC may cycle between overload 
and a nonoverload count as the die alternately heats and 
cools. All these problems are of course eliminated if an 
external reference is used. 

The 7116, with Its negligible dissipation, suffers from 
none of these problems. In either case, an external 
reference can easily be added, as shown in Figure 5. 

Analog COMMON is also the voltage that input low 
returns to during auto-zero and de-integrate. If IN LO is 
different from analog COMMON, a common mode voltage 
exists in the system and is taken care of by the excellent 
CMRR of the converter. However, in some applications IN 
LO will be set at a fixed known voltage (power supply 
common for instance). In this application, analog COMMON 
should be tied to the same point, thus removing the 
common mode voltage fronr) the converter. 
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Within the IC, analog COMMON is tied to an N channel 
FET that can sink 30mA or more of current to hold the 
voltage 2.8 volts below the positive supply (when a load is 
trying to pull the common line positive). However, there Is 
only 10/uA of source current, so COMMON may easily be 
tied to a more negative voltage thus over-riding the internal 
reference. 

TEST 

The TEST pin serves two functions. On the 7116 it is 
coupled to the internally generated digital supply through a 
500^ resistor. Thus it can be used as the negative supply 
for externally generated segment drivers such as decimal 
points or any other presentatipn the user may want, to 
include on the LCD display. Figures 6 and 7 show such an 
appllcsitlon. Np more than a 1mA load should be applied. 









Iv^ 








L 




7116 


INTERSIL ' 

iTirso 


_ TO LCD 

** DECIMAL POINT 




BP 


aT^ 


{"V 




TiST 


w- 


r 

-T&LCO 








"BACKPtANi 


AF02400I 


Figure @: Simple inverter for Fixed Decimal 
Point 



@Q[pi^DIL 



DECIMAL 

POINT 

SELECT 






V+ = DP ON, L__ 
GROUND = DP OFF. 



i CD4030 I 
"" \OND 



TO LCD 

DECIMAL 

PdlNTS 



Figure 7: Exclusive 'OR' Gate for Decimal 
Point Drive 



The second function is a "lamp test". When TEST is 
pulled to high (to V "^ ) all segments will be turned on and the 
display should read - 1888. [Caution: on the 7116, In the 
lamp test mode, the segments have a constant DC 
voltage (no square-wave) and will burn the LCD display 
if left in this mode for several minutes.] 
DIGITAL SECTION 

Figures 8 and 9 show the digital section for the 71 16 and 
71 17, respectively. In the 71 16, an internal digital ground is 
generated from a 6 volt Zener diode and a large P channel 
source follower. This supply is made stiff to absorb the 
relative large capacitive currents when the back plane (BP) 
voltage is switched. The BP frequency Is the clock frequen- 
cy divided by 800. For three readings/second this is a 6pHz 
square wave with a nominal anriplitud^ of 5 volts, The 
segments are di-iveh at the same frequency and amplitude 
and are in phase with BP when OFF, but out of phase when 
ON. In all cases negligible DC voltage exists across the 
segments. 

Figure 9 is the Digital Section of the 71 17. It Is identical to 
that of the 7116 except the regulated supply and back plane 
drive have been eliminated and the segment drive has been 
increased from 2 to 8mA, typical for instrument size 
common anode LED displays. Since the 1000 output (pin 
1 9) must sink current from two LED segments, it has twice 
the drive capability or 16mA. 

In both devices the polarity indicator Is ON for negative 
analog inputs. This can be reversed by simply reversing IN 
LO and IN HI. 

HOLD Reading Input 

The HLDft input willprevent the latch from being updated 
when this Input is at a logic "1". The chip will continue to 
make A/D conversions, however, the results will not be 
updated to the internal latches until this input goes low. This 
input can be left open or connected to TEiST (7116) or 
GROUND (7117) to continuously update the display. This 
input is CMOS compatible, and has a 70kQ. typical resis- 
tance to either TEST (7116) or GROUND (7117). 
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Figure 8: Digital Section 7116 
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Figure 9: Digital Section 7117 



System Timing 

Figure 10 shows the clocking arrangement used in the 
7116 and 7117. Three basic clocking arrangements can be 
used: 

1. An external oscillator connected to pin 40. 

2. A crystal between pins 39 and 40. 

3. An R-C oscillator using ail three pins. 



H>-rC>-r^ 




Figure 10: Cloclc Circuits 



The oscillator frequency is divided by four before it clocks 
the decade counters. It Is then further divided to form the 
three convert-cycle phases. These are signal integrate 
(1000 counts), reference de-integrate (0 to 2000 counts) 



and auto-zero (1000 to 3000 counts). For signals less than 
full scale, auto-zero gets the unused portion of reference 
deintegrate. This makes a complete measure cycle of 4,000 
(16,000 clock pulses) independent of input voltage. For 
three readings/second, an oscillator frequency of 48kHz 
would be used. 

To achieve maximum rejection of 60Hz pickup, the signal 
integrate cycle should be a multiple of 60Hz. Oscillator 
frequencies of 240kHz, 120kHz, 80kHz, 60kHz, 48kHz, 
40kHz, 33V3kHz, etc. should be selected. For 50Hz rejec- 
tion, Oscillator frequencies of 200kHz, 100kHz, 66%kHz, 
50kHz, 40kHz, etc. woulcl be suitable. Note that 40kHz (2.5 
readings/second) will reject both 50 and 60Hz (also 400 
and 440Hz). 

COMPONENT VALUE SELECTION 
Integrating Resistor 

Both the buffer amplifier and the Integrator have a class A 
output stage with lOO/uA of quiescent current. They can 
supply 20jLiA of drive current with negligible non-linearity. 
The integrating resistor should be large enough to remain in 
this very linear region over the input voltage range, but 
small enough that undue leakage requirements are not 
placed on the PC board. For 2 volts full scale, 470kn is 
near optimum and similarly a 47kf2 resistor is optimum for a 
200.0mV scale. 
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ICL7116/7117 



Integrating Capacitor 

The integrating capacitor should be selected to give the 
maximum voltage swing that ensures tolerance build-up will 
not saturate the integrator swing (approx. 0.3 volt from 
either supply). In the 7116 or the 7117, when the analog 
COMMON is used as a reference, a nominal ±2 volt full 
scale integrator swing is fine. For the 7117 with ±5 volt 
supplies and analog common tied to supply ground, a ±3.5 
to ±4 volt swing is nominal. For three readings/second 
(48kHz clock), nominal values for C|nt are 0.22iuF and 
O.IOjuF, respectively. Of course, If different oscillator fre- 
quencies are used, these values should be changed in 
inverse proportion to maintain the same output swing. 

An additional requirement of the integrating capacitor is it 
have low dielectric absorption to prevent roll-over errors. 
While other types of capacitors are adequate for this 
application, polypropylene capacitors give undetectable 
errors at reasonable cost. 

Auto-Zero Capacitor 

The size of the auto-zero capacitor has some influence 
on the noise of the system. For 200mV full scale where 
noise is very important, a 0.47 juF capacitor Is recom- 
mended. On the 2 volt scale, a 0.047juF capacitor increases 
the speed of recovery from overload and is adequate for 
noise on this scale. 

Reference Capacitor 

A 0.1 juF capacitor gives good results in most applica- 
tions. If rollover errors occur a larger value, up to 1 .0/iF may 
be required. 

Oscillator Components 

For all ranges of frequency a lOOkH resistor is recom- 
mended and the capacitor is selected from the equation 
f~^. For 48kHz clock (3 readings/second), C = lOOpF. 

RC 

Reference Voltage 

The analog input required to generate full-scale output 
(2000 counts) is: V|n = 2Vref- Thus, for the 200.0mV and 
2.000 volt scale, Vref should equal lOO.OmV and 1.000 
volt, respectively. However, in many applications where the 
A/D is connected to a transducer, there will exist a scale 
factor other than unity between the input voltage and the 
digital reading. For instance, in a weighing system, the 
designer might like to have a fiill scale reading when the 
voltage from the transducer is 0.682V. Instead of dividing 
the input down to 200.0mV, the designer should use the 
input voltage directly and select Vref = 0-341 V. Suitable 
values for integrating resistor and capacitor would be 
1 20k^ and 0.22mF. This makes the system slightly quieter 
and also avoids a divider network on the input. The 7117 
with ±5 volts supplies can accept input signals up to ±4 
volts. Another advantage of this system occurs when a 
digital reading of zero is desired for V|n "^ 0. Temperature 
and weighing systems with a variable tare are examples. 
This offset reading can be conveniently generated by 
connecting the voltage transducer between IN HI and 
COMMON and the variable (or fixed) offset voltage be- 
tween COMMON and IN LO. 

7117 Power Supplies 

The 7117 is designed to work from ±5 volt supplies. 
However, if a negative supply is not available, It can be 
generated from the clock output with 2 diodes, 2 capacitors, 



and an inexpensive I.C. Figure 11 shows this application. 
See ICL7660 data sheet for an alternative. 



t 
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Figure 11: Generating Negative Supply 
from +5v 



In fact, in selected applications no negative supply is 
required. The conditions to use a single + 5V supply are: 

1. The input signal can be referenced to the center of 
the common mode range of the converter. 

2. The signal is less than ±1.5 volts in magnitude. 

3. An external reference is used. 

TYPICAL APPLICATIONS 

The 7116 and 7117 may be used in a wide variety of 
configurations. The circuits which follow show some of the 
possibilities, and serve to illustrate the exceptional versatili- 
ty of these A/D converters. 




TO BACK PLANE 



Figure 12: 7116 using the internal reference. 
Values shown are for 200.0niV full scale, 3 
readings per second, floating supply voltage 
(9V battery). 
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© TYPICAL APPLICATIONS (CONT.) 




Figure 13: 7117 using the internal reference. 
Values shown are for 200.0mV full scale, 3 
readings per second. IN LO may be tied to 
either COMMON for inputs floating with 
respect to supplies, or GND for single ended 
inputs. (See discussion under Analog 
Common.) 




Figure 15: 7117 operated from single +5V 
supply. An external reference must be used 
in this application, since the voltage between 
V^ and V is insufficient for correct 
operation of the internal reference. 




Figure 14: 7116/7117: Recommended 
component values for 2.000V full scale. 




Figure 16: 7117 measuring ratiometric values 
of Quad Load Cell. The resistor values within 
the bridge are determined by the desired 
sensitivity. 
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TYPICAL APPLICATIONS (CONT.) 




> TO BACK PLANE 



Figure 17: 7116 used as a digital centigrade 
tiiermometer. A siiicon diode-connected 
transistor has a temperature coefficient of 
about -2vnN/°0. Calibration is achieved by 
placing the sensing transistor in ice water 
and adjusting the zeroing potentiometer for 
a 000.0 reading. The sensor should then be 
placed in boiling water and the scale-factor 
potentiometer adjusted for 100.0 reading. 



^ 
^ 



APPLICATION NOTES 

A016 "Selecting A/D Converters," by David Fullagar. 
A017 "The Integrating A/D Converter," by Lee Evans. 
A018 "Do's and Don'ts of Applying A/D Converters," by 

Peter Bradshaw and Skip Osgood. 
A019 "4V2-Digit Panel Meter Demonstrator/ 

Instrumentation Boards," by Michael Dufort. 
A023 "Low Cost Digital Panel Meter Designs," by David 

Fullagar and Michael Dufort. 
A032 "Understanding the Auto-Zero and Common-Mode 

Behavior of the ICL7 106/7/9 Family," by Peter 

Bradshaw. 
A046 "Building a Battery-Operated Auto Ranging DVM 

with the ICL7106," by Larry Goff. 
A047 "Games People Play with Intersil's A/D 

Converters," edited by Peter Bradshaw. 
A052 "Tips for Using Single-Chip sVa-Digit A/D 

Converters," by Dan Watson. 
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I ICL7126 

g sVa-Digit Low-Power 

^ Single-Chip A/D Converter 




GENERAL DESCRIPTION 

The Intersil ICL7126 is a higii performance, very low 
power 3V2-digit A/D converter. Ail the necessary active 
devices are contained on a single CMOS IC, including 
seven segment decoders, display drivers, reference, and 
clock. The 7126 is designed to interface with a liquid crystal 
display (LCD) and includes a backplane drive. The supply 
current is 100/uA, ideally suited for 9V battery operation. 

The 7126 brings together an unprecedented combination 
of high accuracy, versatility, and true economy. It features 
auto-zero to less than lO/uV, zero drift of less than 1juV/°C, 
input bias current of lOpA max., and rollover error of less 
than one count. The versatility of true differential input and 
reference is useful in all systems, but gives the designer an 
uncommon advantage when measuring load cells, strain 
gauges and other bridge-type transducers. And finally the 
true economy of single power supply operation allows a 
high performance panel meter to be built with the addition 
of only 10 passive components and a display. 

The ICL7126 can be used as a plug-in replacement for 
the ICL7106 in a wide variety of applications, changing only 
the passive components. 

ORDERING INFORMATION 



FEATURES 

• 8,000 Hours Typical 9 Volt Battery Life 

• Guaranteed Zero Reading for Volts Input On 
All Scales 

• True Polarity at Zero for Precise Null Detection 

• IpA Typical Input Current 

• True Differential Input and Reference 

• Direct LCD Display Drive — No External 
Components Required 

• Pin Compatible With The ICL7106 

• Low Noise — Less Than ISjuVp-p 

• On-Chip Clocl( and Reference 

• Low Power Dissipation Guaranteed Less Than 
1mW 

• No Additional Active Circuits Required 

• Evaluation Kit Available (ICL7126EV/KIT) 



PART NUMBER 


TEMPERATURE RANGE 


PACKAGE 


ICL7126CDL 


OX to +70**C 


40-Pin Ceramic DIP 


ICL7126CPL 


0°C to +70X 


40-Pin Plastic DIP 


ICL7126CM44 


0°C to + 70X 


40-Pin Surface Mount 


ICL7126RCPL 


0°C to +70'C 


40-Pin Plastic DIP 


ICL7126CJL 


0°Cto +70^ 


CERDIP 


ICL7126EV/KIT 




EVALUATION KIT 



C 1 
C 2 
C 3 
C4 
C 5 
C 6 



V 

Die 

CI 

B1 

A1 

F1 

G1 

E1C 

D2C 

C2 

B2 

A2 

F2 

E2 



-, I DSCIIS 

I F3g 

y E3C 18 

(1000) AB4C 19 

POLE 20 

(MINUS) ^ 



8 

9 

10 

1 

12 

C 13 

C 14 



T7- 



ICL7126 



C 1 



40 DOSC1 
39DOSC2 
38 3 OSC 3 
37 D TEST 
36 D REF HI 
35 3 REF LO 

34DC*REF 

33DC-REF 

32 3 COMMON 

31 3 IN HI 

30 3 IN LO 

29 3A/i 

28 3 BUFF 

27 3 INT 

26 DV" 

25 3 G2 (TENS) 

24 DC3^-2 

23DA3} 

22 DG3I 

21 



3 S 
13)3 



CD00911I 




■ CM CM CSJ C>J C^i CSJ CO 



Figure 1: Pin Configurations 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltage (V^ to V") 15V 

Analog Input Voltage (Either Input) (Note 1)..V"*" to V" 

Reference Input Voltage (Either input) V^ to V~ 

Clock Input TEST to V"^ 



e 

01 



Power Dissipation (Note 2) 

Ceramic Package lOOOmW 

Plastic Package 800mW 

Operating Temperature 0°C to + 70°C 

Storage Temperature -65°C to +150°C 

Lead Temperature (Soldering, 10sec) 300°C 



NOTE 1: Input voltages may exceed the supply voltages provided the input current is limited to ±100juA. 

NOTE 2: Dissipation rating assumes device is mounted with all leads soldered to pnnted circuit board 

*COMMENT- Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the devices This is a stress rating only and 

functional operation of the devices at these or any other conditions above those indicated in the operational sections of the specifications is not implied. 

Exposure to absolute maximum rating conditions for extended penods may affect device reliability 



ELECTRICAL CHARACTERISTICS (Note 3) 



CHARACTERISTICS 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


Zero Input Reading 


V|N = O.OV 

Full Scale = 200 OmV 


- 000.0 


±000.0 


+ 000 


Digital Reading 


Ratiometric Reading 


V|N = Vref 
VREF=100mV 


999 


999/1000 


1000 


Digital Reading 


Rollover Error (Difference in 
reading for equal positive and 
negative reading near Full Scale) 


I-V|nI= +V(n '^ 200.0mV 


-1 


±02 


+ 1 


Counts 


Linearity (Max. deviation from 
best straight line fit) 


Full scale = 200mV 
or full scale = 2.000V 


-1 


±0.2 


+ 1 


Counts 


Common Mode Rejectron Ratio 
(Note 4) 


VcM = ±1V, V|N = OV 
Full Scale = 200 OmV 




50 




mV/v 


Noise (Pk - Pk value not exceeded 
95% of time) 


V,N = OV 

Full Scale = 200.0mV 




15 




/iV 


Leakage Current @ Input 


V|N = OV 




1 


10 


pA 


Zero Reading Drift 


V|N = 

o°c < Ta < yo'c 




0.2 


1 


/iV/X 


Scale Factor Temperature 
Coefficient 


V|N = 199 0mV 
0°C < Ta < 70°C 
(Ext. Ref. ppm/°C) 




1 


5 


ppm/°C 


Supply Current (Does not 
include COMMON current) 


V|N = 
(Note 6) 




70 


100 


M 


Analog COMMON Voltage (With 
respect to pos. supply) 


250ki2 between Common & 
pos. Supply 


24 


28 


3.2 


V 


Temp. Coeff. of Analog COMMON 
(with respect to pos. Supply) 


250k^ between Common & 
pos, Supply 




150 




ppm/°C 


Pk-Pk Segment Drive Voltage 
(Note 5) 


V"^ to V- =9V 


4 


5 


6 


V 


Pk-Pk Backplane Drive Voltage 
(Note 5) 


V+ to V-=9V 


4 


5 


6 


V 


Power Dissipation Capacitance 


vs. Clock Freq. 




40 




PF 



NOTES: 3. Unless othenwise noted, specifications apply at Ta = 25°C, fdock = 16kHz and are tested in the circuit of Figure 4. 

4. Refer to "Differential Input" discussion. 

5. Back plane drive is in phase with segment drive for 'off' segment, 180° out of phase for 'on' segment. Frequency is 20 times 
conversion rate. Average DC component is less than 50mV 

6. During auto zero phase, current is 10-20/liA higher 48kHz oscillator, Figure 5, increases current by 8juA (typ). 

7. Extra capacitance of CERDIP package changes oscillator resistor value to 470k^ or 150kS7 (1 reading/sec or 3 readings/sec). 
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Figure 2: Analog Section of 7126 
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Figure 3: ICL7126 with Liquid Crystal Display 
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Figure 4: 7126 Clock Frequency 
16kHz. (1 reading/sec) 
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Figure 5: Clock Frequency 48kHz. 
(3 readings/sec) 



DETAILED DESCRIPTION 
Analog Section 

Figure 2 shows the Functional Diagram of the Analog 
Section for the ICL7126. Each measurement cycle is 
divided into three phases. They are (1) auto-zero (A-Z), (2) 
signal integrate (INT) and (3) de-integrate (DE). 
Auto-zero phase 

During auto-zero three things happen. First, Input high 
and low are disconnected from the pins and internally 
shorted to analog COMMON. Second, the reference capac- 
itor is charged to the reference voltage. Third, a feedback 
loop is closed around the system to charge the auto-zero 
capacitor Caz to compensate for offset voltages in the 
buffer amplifier, integrator, and comparator. Since the 
comparator is included in the loop, the A-Z accuracy is 
limited only by the noise of the system. In any case, the 
offset referred to the input is less then lO/xV. 
Signal Integrate phase 

During signal integrate, the auto-zero loop is opened, the 
Internal short is removed, and the internal input high and 
low are connected to the external pins. The converter then 
integrates the differential voltage between IN HI and IN LO 
for a fixed time. This differential voltage can be within a wide 
common mode range; within one Volt of either supply. If, on 
the other hand, the input signal has no return with respect 
to the converter power supply, IN LO can be tied to analog 
COMMON to establish the correct common-mode voltage. 
At the end of this phase, the polarity of the integrated signal 
is determined. 
De-Integrate phase 

The final phase is de-integrate, or reference Integrate. 
Input low is internally connected to analog COMMON and 
input high is connected across the previously charged 
reference capacitor. Circuitry within the chip ensures that 
the capacitor will be connected with the correct polarity to 
cause the integrator output to return to zero. The time 
required for the output to return to zero is proportional to the 



input signal. Specifically the digital reading displayed is |o 
1000 / Vin \ 0) 

Differential Input 

The input can accept differential voltages anywhere 
within the Common mode rante of the input amplifier; or 
specifically from 0.5 Volts below the positive supply to 1 .0 
Volt above the negative supply. In this range the system has 
a CMRR of 86 db typical. However, since the integrator also 
swings with the common mode voltage, care must be 
exercised to assure the integrator output does not saturate. 
A worst case condition would be a large positive common- 
mode voltage with a near full-scale negative differential 
input voltage. The negative input signal drives the integrator 
positive when most of its swing has been used up by the 
positive common mode voltage. For these critical applica- 
tions the integrator swing can be reduced to less than the 
recommended 2V full scale swing with little loss of accura- 
cy. The integrator output can swing within 0.3 Volts of either 
supply without loss of linearity. 

Differential Reference 

The reference voltage can be generated anywhere within 
the power supply voltage of the converter. The main source 
of common mode error is a roll-over voltage caused by the 
reference capacitor losing or gaining charge to stray 
capacity on its nodes. If there Is a large common mode 
voltage, the reference capacitor can gain charge (increase 
voltage) when called up to de-integrate a positive signal but 
lose chai^ge (decrease voltage) when called up to deinte- 
grate a negative input signal. This difference in reference 
for ( + ) or ( - ) input voltage will give a roll-over error. 
However, by selecting the reference capacitor large enough 
in comparison to the stray capacitance, this error can be 
held to less than 0.5 count for the worst case condition. 
(See Component Value Selection.) 

Analog COMMON 

This pin is included primarily to set the common mode 
voltage for battery operation or for any system where the 
input signals are floating with respect to the power supply. 
The COMMON pin sets a voltage that is approximately 2.8 
Volts more negative than the positive supply. This Is 
selected to give a minimum end-of-life battery voltage of 
about 6V. However, the analog COMMON has some of the 
attributes of a reference voltage. When the total supply 
voltage is large enough to cause the zener to regulate 
( < 7V), the COMMON voltage will have a low voltage 
coefficient (0.001%/%), low output impedance (~15f2), 
and a temperature coefficient typically less than 80ppm/°C. 

The limitations of the on-chip reference should also be 
recognized, however. The reference temperature coeffi- 
cient (TC) can cause some degradation in performance. 
Temperature changes of 2 to 8°C, typical fpr instruments, 
can give a scale factor error of a count or more. Also the 
common voltage will have a poor voltage coefficient when 
the total supply voltage is less than that which will cause the 
zener to regulate ( < 7V). These problems are eliminated if 
an external reference is used, as shown in Figure 6. 
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Figure 6: Using an External Reference 



Analog COMMON is also used as the input low return 
during auto-zero and de-integrate. If IN LO is different from 
analog COMMON, a common mode voltage exists in the 
system and is taken care of by the excellent CMRR of the 
converter. However, in some applications IN LO will be set 
at a fixed known voltage (power supply common for 
instance). In this application, analog COMMON should be 
tied to the same point, thus removing the common mode 
voltage from the converter. The same holds true for the 
reference voltage. If reference can be conveniently refer- 
enced to analog COMMON, it s|iould be since this removes 
the common mode voltage from the reference system. 

Within the IC, analog COMMON is tied to an N channel 
FET that can sink 3mA or more of current to hold the 
voltage 2.8 Volts below the positive supply (when a load is 
trying to pull the common line positive). However, there is 
only 1 juA of source current, so COMMON may easily be tied 
to a more negative voltage thus over-riding the internal 
reference. 

TEST 

The TEST pin serves two functions. It is coupled to the 
internally generated digital supply through a 500^ resistor. 
Thus it can be used as the negative supply for externally 
generated segment drivers such as decimal points or any 
other presentation the user may want to Include on the LCD 
display. Figures 7 and '8 show such ah applidatlon. No more 
than a 1mA load should be applied. 
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Figure 7: Simple Inverter for Fixed 
Decimal Point 
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Figure 8: Exclusive 'OR' Gate for 
Decimal Point Drive 



The second function is a "lamp test." When TEST is 
pulled high (to V "•■ ) all segments will be turned on and the 
display should read — 1 888. The TEST pin will sink about 
10mA under these conditions. 

Caution: In the lamp test mode, the segments have a 
constant D-C voltage (no square^wave) and may burn 
the LCD display if left In this mode for extended 
periods. 
DIGITAL SECTION 

Figure 9 shows the digital section for the 7126. An 
internal digital ground is generated from a 6 Volt Zener 
diode and a large P channel source follower. This supply is 
made stiff to absorb the relative large capacitlve currents 
when the back plane (BP) voltage is switched. The BP 
frequency is the clock frequency divided by 800. For three 
readings/second this is a 60 Hz square wave with a norninal 
amplitude of 5 Volts. The segments are driven at the same 
frequency and amplitude and are in phase with BP when 
OFF, but out of phase when ON. In all cases negligible DC 
voltage exists across the segments. The polarity indication 
is "ON" for negative analog inputs. If IN LO and IN HI are 
reversed, this indication can be reversed also, if desired. 
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Figure 9: Digital Section 





Figure 10: Clock Circuits 



System Timing 

Figure 10 shows the clocking arrangement used in the 
7126. Three basic clocking arrangements can be used: 

1. An external oscillator connected to pin 40. 

2. A crystal between pins 39 and 40. 

3. An R-C oscillator using all three pins. 



The oscillator frequency is divided by four before it clocks 
the decade counters. It Is then further divided to form the 
three convert-cycle phases. These are signal integrate 
(1000 counts), reference de-integrate (0 to 2000 counts) 
and auto-zero (1000 to 3000 counts). For signals less than 
full scale, auto-zero gets the unused portion of reference 
deintegrate. This makes a complete measure cycle of 4,000 
(16,000 clock pulses) independent of input voltage. For 
three readings/second, an oscillator frequency of 48kHz 
would be used. 

To achieve maximum rejection of 60 Hz pickup, the signal 
integrate cycle should be a multiple of 60 Hz. Oscillator 
frequencies of 60kHz, 48kHz, 40kHz, 33-1 /3kHz, etc. 
should be selected. For 50Hz rejection, oscillator frequen- 
cies of 66-2/3kHz, 50kHz, 40kHz, etc. would be suitable. 
Note that 40kHz (2.5 readings/second) will reject both 50 
and 60Hz (also 400 and 440Hz). 
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COMPONENT VALUE SELECTION 

Integrating Resistor 

Both the buffer amplifier and the integrator have a class A 
output stage with 6juA of quiescent current. They can supply 
~1/uiA of drive current with negligible non-linearity.: The 
integrating resistor should be large enough to remain in this 
very linear region over the input voltage rainge, but small 
enough that undue leakage requirements are riot placed on 
the PC board. For 2 Volt full scale, ,1.8m^ is near optimunrl 
and similarly 180ki7 for a 200.0mV scale. 
Integrating Capacitor 

The integrating capacitor should be selected to give the 
maximum voltage swing that ensures tolerance build-up will 
not saturate the integrator swing (approx. 0.3 Volt from 
either supply). When the analog COMMON is used as a 
reference, a nominal ±2 Volt full scale integrator swing is 
fine. For three readings/second (48kHz clock) nominal 
values for C|nt are 0.047mF, for 1/sec (16kHz) O.ISjuF. Of 
course, if different oscillator frequencies are used, these 
values should be changed in inverse proportion to maintain 
the same output swing. 

The integrating capacitor should have low dielectric 
absorption to prevent roll-over errors. While other types 
may be adequate for this application, polypropylene capaci- 
tors give undetectable errors at reasonable cost. 

At three readings/sec, a 7501^ resistor should be placed 
in series with the integrating capacitor, to compensate for 
comparator delay. See App. Note A017 for a description of 
the need and effects of this resistor. 
Auto-Zero Capacitor 

The size of the auto-zero capacitor has some influence 
on the noise of the system. For 200mV full scale where 
noise is very important, a 0.32mF capacitor is recom- 
mended. On the 2 Volt scale, a O.OSSjuF capacitor increases 
the speed of recovery from overload and is adequate for 
noise on this sc^le. 
Reference Capacitor 

A 0.1 juF capacitor gives good results in most applica- 
tions. However, where a large common mode voltage exists 
(i.e., the REF LO pin is not analog COMMON) and a 200mV 
scale |s, used, a larger value is required to prevent roll-over 
error. Generally I.OjliF will hold the roll-over error to 0.5 
count in this instance. 
Oscillator Components 

For all ranges of frequency a 50pF capacitor is recom- 
mended and the resistor is selected from the approximate 

6.45 
equation f . For 48kHz clock (3 readings/second), 

R = 180ka 
Reference Voltage 

The analog input required to generate full-scale output 
(2000 counts) is: V|n = 2Vref- Thus, for the 200.0mV and 
2.000 Volt scale, Vref should equal lOO.OmV and 1.000 
Volt, respectively.! However, in many applications where the 
A/D is connected to a transducer, there will exist a scale 
factor other than unity between the input voltage and the 
digital reading. For instance, in a weighing system, the 
designer might like to have a full scale reading when the 
voltage from the transducer is 0.682V. Instead of dividing 
the input down to 200.0mV, the designer should use the 
input voltage directly and select Vref = 0.341V. A suitable 
value for integrating resistor would be 330kn. This makes 



the system slightly quieter and also avoids the necessity of 
a divider network on the input. Another advantage of this 
system occurs when a digital reading of zero is desired for 
V|N ^ 0. Temperature and weighting systems with a vari- 
able tare are examples. This offset reading can be conve- 
niently generated by connecting the voltage transducer 
between IN HI and COMMON and the variable (or fixed) 
, offset voltage between COMMON and IN LO. 

TYPICAL APPLICATIONS 

The 7126 may be used in a wide variety of configurations. 
The circuits which follow show some of the possibilities, and 
serve to illustrate the exceptional versatility of these A/D 
converters. 




TO BACK PLANE 



Figure 11: 7126 using the internal 
reference. 

Values shown are for 200.0mV full scale, 3 
readings per second, floating supply voltage 
(9V battery). 
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Figure 12: 7126 with an external 
band-gap reference (1.2V type). 

IN LO is tied to COI\/!l\/ION, thus establishing 
the correct common mode voStage. 
COMMON acts as a pre-regulator for the 
reference. Values shown are for 1 reading 
per second. 
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Figure 14: 7126 with Zener diode 
reference. 

Since low T.C. zeners . have breakdown 
voltages ^.8V, diode must be placed across 
the total supply (10V). As in the case of 
Figure 13, IN LO may be tied to COMMON. 
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TO BACK PLANE 



Figure 13: Recommended component 

values for 2.000V full scale, 

3 readings per second. 

For 1 reading per second, delete 750fl 
resistor, change C|nt, Rose to values of 
Figure 12. 




Set Vref = 100 OmV 



— tA^V-VVWAAAr* — o 
zoKn^iooKnl 27Kn 

" ™12V(ICL 8069) 
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Figure 15: 7126 operated from 
single +5V supply. 

An external reference must be used in this 
application, since the voltage between V^ 
and V is insufficient for correct operation 
of the internal reference. 
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Figure 16: 7126 measuring ratiometric 
values of Quad Load Cell. 

The resistor values within the bridge are 
determined by the desired sensitivity. 




Figure 18: Circuit for developing 
Underrange and Overrange 
signals from 7126 outputs. 

* Values depend on clock frequency See Figure 11, 12, 13. 




- TO BACK PLANE 



Figure 17: 7126 used as a digital 
centigrade thermometer. 

A silicon diode-connected transistor has a 
temperature coefficient of about -2mV/°C. 
Calibration is achieved by placing the 
sensing transistor In ice water and adjusting 
the zeroing potentiometer for a 000.0 
reading. The sensor should then be placed in 
boiling water and the scale-factor 
potentiometer adjusted for 100.0 reading. 
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Figure 19: AC to DC Converter with 7126. Test is used as a common mode reference 
level to ensure compatibility with most op-amps. 



APPLICATION NOTES 

A016 "Selecting A/D Converters", by David Fullagar. 
A017 "The Integrating A/D Converter", by Lee Evans. 
A018 "Do's and Don'ts of Applying A/D Converters", by 

Peter Bradshaw and Skip Osgood. 
A019 "4V2-Digit Panel Meter Demonstrator/ 

instrumentation Boards", by Michael Dufort. 
A023 "Low Cost Digital Panel Meter Designs", by David 

Fullagar and Michael Dufort. 
A032 "Understanding the Auto-Zero and Common Mode 

Performance of the ICL71 06/7/9 Family", by Peter 

Bradshaw. 
A046 "Building a Battery-Operated Auto Ranging DVM 

With the ICL7106", by Larry Goff. 
A052 "Tips for Using Single-Chip sVa-Digit A/D 

Converters", by Dan Watson. 

7t26 EVALUATION KIT 

After purchasing a sample of the 7126, the majority of 
users will want to build a simple voltmeter. The parts can 
then be evaluated against the data sheet specifications, 
and tried out in the intended application. 

To facilitate evaluation of this unique circuit, Intersil is 
offering a kit which contains all the necessary components 
to build a sVa-digit panel meter. With the ICL7126EV/KIT 
and the small number of additional components required, 
an engineer or technician can have the system "up and 
running" in about half an hour. The kit contains a circuit 
board, a display (LCD), passive components, and miscella- 
neous hardware. 
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GENERAL DESCRIPTION 

The Intersil ICL7129 is a very high-performance 4V2-digit 
analog-to-digital converter that directly drives a multiplexed 
liquid crystal display. This single-chip CMOS integrated 
circuit requires only a few passive components and a 
reference to operate. It is Ideal for high-resolution hand-held 
digital multimeter applications. 

The performance of the ICL7129 has not been equaled 
before in a single-chip A/D converter. The successive 
integration technique used in the ICL7129 results in accura- 
cy better than 0.005% of full-scale and resolution down to 
lOjuV/count. 

The ICL7i29, drawing only 1mA from a 9V battery, is well 
suited for battery powered instrUmehts. Provision has been 
made for the detection and indication of a "LOW/ BAT- 
TERY" condition. Autoranging instruments can be made 
with the ICL7129 which provides overrange and underrange 
outputs and 10:1 range changing input. The ICL7129 
instantly checks for continuity, giving both a visual indication 
and a logic level output which can enable an external 
audible transducer. These features and the high perfor- 
mance of the ICL7129 make it an extremely versatile and 
accurate instrument-on-a-chip. 



FEATURES 

• ±19,999 Count A/D Converter Accurate to ±3 
Count 

• 10/iV Resolution On 200m V Scale 

• 110dB CMRR 

• Direct LCD Display Drive 

• True Differential Input and Reference 

• Low Power Consumption 

• Decimal Point Drive Outputs 

• Overrange and Underrange Outputs 

• Low Battery Detection and Indication 

• 10:1 Range Change Input 

ORDERING INFORMATION 



PART 
NUMBER 


TEMPERATURE 


PACKAGE 


ICL7129CPL 


O'C to +70^ 


40-Pin Plastic 



LOW B/ffTERY CONTINUITY 

f.0.0.0.0 



SEGMENT DRIVES 



BACKPUNE 
DRIVES 



ANNUNCIATOR 
DRIVE 



LATCH, DECODE 
DISPUY MULTIPLEXER 



-2^ 



-4. 



UP/DOWN RESULTS COUNTER 



SEQUENCE COUNTER/DECODER 



<^ 



CONTROL LOGIC 



<J^ 



ANALOG SECTION 



iii__ili__iiil 



, DISPLAY 

OUTPUT 

LINES 



OSCl|T 

OSC3[2 

ANNUNCIATOR DRIVE [I 

Bi,Ci,CONT[T 

Ai.Gi.Dif? 

,Fi,E,,DPi[? 

B2,C2,L0BATT[7 

A2, G2, D2 [8 

F2, E2, OP2 [9 

83, C3, MINUS (io 

A3,G3,D3[Ti 

F3,E3,DP3[« 

B4,C4,BC5JW 

A4,D4.G« [m 

F4, E4, 0P4 (is 

BP3{li 
BP2[l7 
BPl|l8 
VoiSp[« 
DP4/OR [m 



MJO 
^DPi 
U]0P2 
37] RANGE 

m]dgnd 

iij REF LO 
m] REF HI 
^ IN HI 
^INLO 
iiJBUFF 
m| Cref - 
») Cref + 
^ COMMON 
27] CONTINUITY 
^ INT OUT 
is} INT IN 
S] V* 

23] V- 

m] t5fCH/HOL0 
^ OPsyUR 



RANGE UH CONT 



V* V- DGND 



OR UR DP2 DPi 
DP4 DP3 



Figure 1: Functional Diagram 



Figure 2: Pin Configuration 
(outline dwg PL) 
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Power Dissipation (Note 2) 

Plastic package 800mW 

Operating Temperature 0°C to +70°C 

Storage Temperature -65°C to +150°C 

Lead Temperature (Soldering, 10sec) 300°C 



ABSOLUTE MAXIMUM RATINGS 

Supply Voltages (V+ to V") 15V 

Reference Voltage (REF HI or REF LO) V+ to V" 

Input Voltage (Note 1) 

(IN HI or IN LO) V+ to V" 

VpiSP DGND -0.3V to V + 

Digital Input Pins 

1, 2, 19, 20, 21, 22, 27, 

37, 38, 39, 40 DGND to V + 

Note 1: Input voltages may exceed the supply voltages provided that input current is limited to ±400mA. Currents above this value may result in 

invalid display readings but will not destroy the device if limited to ±1mA. 

Note 2: Dissipation ratings assume device is mounted with all leads soldered to printed circuit board. 

Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device These are stress ratings only and functional 

operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to 

absolute maximum rating conditions for extended penods may affect device reliability 

ELECTRICAL CHARACTERISTICS 

V" to V"^ =9V, Vref= 1.00V. Ta= +25X, fcLK= 120kH2, unless othenA^ise noted. 



<0 



CHARACTERISTICS 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


Zero Input Reading 


V|N = OV 
200mV Scale 


-0000 


0000 


+ 0000 , 


Counts 


Zero Reading Dnft 


V|N = OV 
0°C<Ta< +70°C 




±05 




/LlV/°C 


Ratiometnc Reading 


V|N = VREF=1000mV 
RANGE = 2V 


9996 


9999 


10000 


Counts 


Range Change Accuracy 


V|N = 0.10000V on Low 

Range ^ 

V|N = 1.0000V on High Range 


0.9999 


1.0000 


1.0001 


Ratio 


Rollover Error 


-V|N= +V|N = 199mV 




1 5 


3.0 


Counts 


Lineanty Error 


200mV Scale 




1.0 




Input Common-Mode 
Rejection Ratio 


VcM = 1-0V, V|N = OV 
200mV scale 




110 




dB 


Input Common-Mode 
Voltage Range 


V|N = OV 
200mV Scale 




(V-) +1.5 
(V*") -1.0 




V 


Noise (p-p Value not 
Exceeding 95% of Time) 


V|N = OV 
200mV Scale 




14 




mv 


Input Leakage Current 


V|N = OV, Pin 32, 33 




1 


10 


pA 


Scale Factor Tempco 


V|N = 199mV 
0*'C<Ta< +70°C 
External Vref = Oppm/°C 




2 


7 


ppm/°C 


COMMON Voltage 


V+ to Pin 28 


2.8 


3.2 


3.5 


V 


COMMON Sink Current 
COMMON Source Current 


ACommon= +0.1V 




0.6 




mA 


ACommon = -0.1V 




10 




//A 


DGND Voltage 


V+ to Pin 36 
V^ to V- =9V 


4.5 


5.3 


58 


V 


DGND Sink Current 


ADGND= +0.5V 




1.2 




mA 


Supply Voltage Range 


V+ to V- (Note 1) 


6 


9 


12 


V 


Supply Current Excluding 
COMMON Current 


V+ to V-=9V 




1.0 


1.5 


mA 


Clock Frequency 


(Note 1) 




120 


360 


kHz 


Vdisp Resistance 


Vdisp to v + 




50 




k^ 


Low 'Battery Flag 
Activation Voltage 


V"^ to V" 


6.3 


7.2 


7.7 


V 


CONTINUITY Comparator 
Threshold Voltages 


Vout Pin 27 = HI 
Vout Pin 27 = LO 


100 


200 
200 


400 


mV 


Pull-Down Current 


Pins 37, 38, 39 




2 


10 


mA 


"Weak Output" Current 
Sink/Source 


Pin 20, 21 Sink/Source 




3/3 




mA 


Pin 27 Sink/Source 




3/9' 




Pin 22 Source Current 
Pin 22 Sink Current 






40 
3 




ma 



NOTES: 1. Device functionality is guaranteed at the stated Mm/Max limits. However, accuracy can degrade under these conditions. 
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Figure 3: Typical Appliqation 



Table 1. Pin Descriptions 



PIN 


NAME 


FUNCTION 


1 


0SC1 


Input to first clock inverter. 


2 


0SC3 


Output of second clock inverter. 


3 


ANNUNCIATOR 
DRIVE 


Backplane squarewave output for driving 
annunciators. 


4 


Bi, Ci, CONT 


Output to display segments. 


5 


Ai, Gi. Di 


Output to display segments. 


6 


Fi. Ei, DPi 


Output to display segments. 


7 


B2. C2, LO 
BATT 


Output to display segments. 


8 


A2. G2. D2 


Output to display segments. 


9 


F2, E2, DP2 


Output to display segments. 


10 


B3. C3. MINUS 


Output to display segments. 


11 


A3, G3, D3 


Output to display segments. 


12 


F3. E3, DP3 


Output to display segments. 


13 


B4, C4, BC5 


Output to display segments. 


14 


A4. D4. G4 


Output to display segments. 


15 


F4, E4. DP4 


Output to display segments. 


, 16 


BP3 


Backplane #3 output to display. 


17 


BP2 


Backplane #2 output to display. 


18 


BP1 


Backplane #1 output to display. 


19 


vdisp 


Negative rail for display drivers. 


20 


DP4/OR 


INPUT: When HI, turns on most 
significant decimal point. 
OUTPUT: Pulled HI when result count 
exceeds ±19,999. 



PIN 


NAME 


FUNCTION 


21 


DP3/UR : 


INPUT: Second most significant 
decimal point on when HI. 
OUTPUT: Pulled HI when result count 
is less than ±1,000. 


22 


LATCH/HOLD 


INPUT: When floating, A/D converter 
operates in the free-run mode. When 
pulled HI, the last displayed reading is 
held. When pulled LO, the result 
counter contents are shown incrementing 
during the de-integrate phase of 
cycle. 

OUTPUT: Negative going edge occurs 
when the data latches are updated. 
Can be used for converter status 
signal. 


23 


V- 


Negative power supply terminal. 


24 


V + 


Positive power supply terminal, and 
positive rail for display drivers. 


25 


INT IN 


Input to integrator amplifier. 


26 


INT OUT 


Output of integrator amplifier. 


27 


CONTINUITY 


INPUT: When LO, continuity flag on the 
display is off. When HI, continuity flag 
IS on. 

OUTPUT: HI when voltage between inputs 
iS less than +200mV. LO when 
voltage between inputs is more than 
+ 200mV. 
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Table 1. Pin Descriptions (Cont.) 



PIN 


NAME 


FUNCTION 


28 


COMMON 


Sets common-mode voltage of 3.2V 
below V^ for DE, 10X, etc. Can be used 
as pre-regulator for external reference. 


29 


CREF + 


Positive side of external reference 
capacitor. 


30 


Cref~ 


Negative side of external reference 
capacitor. 


31 


BUFFER 


Output of buffer amplifier. 


32 


IN LO 


Negative input voltage terminal. 


33 


IN HI 


Positive input voltage terminal. 


34 


REF HI 


Positive reference voltage input 
terminal. 


35 


REF LO 


Negative reference voltage input 
terminal. 


36 


DGND 


Ground reference for digital section. 


37 


RANGE 


3mA pull-down for 200mV scale. Pulled 
HIGH externally for 2V scale. 


38 


DP2 


Internal 3mA pull-down. When HI, 
decimal point 2 will be on. 


39 


DPi 


Internal 3/uiA pull-down. When HI, 
decimal point 1 will be on. 


40 


0SC2 


Output of first clock inverter. Input of 
second clock inverter. 



DETAILED DESCRIPTION 

Intersil's ICL7129 is a uniquely designed single-chip A/D 
converter. It features a new "successive integration" tech- 
nique to achieve 10/uV resolution on a 200mV full-scale 
range. To achieve this resolution a 10:1 improvement in 
noise performance over previous monolithic CMOS A/D 



converters was accomplished. Previous integrating convert- 
ers used an external capacitor to store an offset correction 
voltage. This technique worked well but greatly increased 
the equivalent noise bandwidth of the converter. The 
ICL7129 removes this source of error (noise) by not using 
an auto-zero capacitor. Offsets are cancelled using digital 
techniques instead. Savings in external parts cost are 
realized as well as improved noise performance and 
elimination of a source of electromagnetic and electrostatic 
pick-up. 

The overall functional diagram of the ICL7129 is shown in 
Figure 1. The heart of this A/D converter Is the sequence 
counter/decoder which drives the control logic and keeps 
track of the many separate phases required for each 
conversion cycle. The sequence counter is constantly 
running and is a separate counter from the up/down results 
counter which is activated only when the integrator is de- 
integrating. At the end of a conversion the data remaining in 
the results counter is latched, decoded and multiplexed to 
the liquid crystal display. 

The analog section block diagram shown in Figure 4 
includes all of the analog switches used to configure the 
voltage sources and amplifiers in the different phases of the 
cycle. The input and reference switching schemes are very 
similar to those in other less accurate integrating A/D 
converters. There are 5 basic configurations used in the full 
conversion cycle. Figure 5 illustrates a typical waveform on 
the integrator output. INT, INTi, and INT2 all refer to the 
signal integrate phase where the input voltage is applied to 
the integrator amplifier via the buffer amplifier. In this phase, 
the integrator ramps over a fixed period of time in a 
direction opposite to the polarity of the input voltage. 



O 

r 

10 
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C|NT 



! INT1 
IN HI<J>~ ^ 



COMMONt <jy- 



I INT1 INT2 
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I XtO 
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Figure 4: ICL7129 Analog Block Diagram 
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Figure 5: Integrator Waveform for Negative input Voitage Showing Successive integration 

Pliases and Residue Voltage 
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Figure 6: Biasing Structure for COI\/ll\AON and DGND 



DEi , DE2, and DE3 are the de-integrate phases where 
the reference capacitor is switched in series with the buffer 
amplifier and the integrator ramps bacl< down to the level it 
started from before integrating. However, since the de- 
integrate phase can terminate only at a clock pulse 
transition, there is always a small overshoot of the integra- 
tor past the starting point. The ICL7129 amplifies this 
overshoot by 10 and DE2 begins. Similarly DE2's overshoot 
is amplified by 10 and DE3 begins. At the end of DE3 the 
results counter holds a number with 5V2 digits of resolution. 
This was obtained by feeding counts into the results 
counter at the 3V2 digit level during DEi, Into the 4V2 digit 
level during DE2 and the 5V2 digit level for DE3. The effects 
of offset in the buffer, integrator, and comparator can now 
be cancelled by repeating this entire sequence with the 
inputs shorted and subtracting the results from the original 
reading. For this phase INT2 switch is closed to give the 
same common-mode voltage as the measurement cycle. 
This assures excellent CMRR. At the end of the cycle the 
data in the up/down results counter is accurate to 0.005% 
of full-scale and is sent to the display driver for decoding 
and multiplexing. 

COMMON, DGND, AND 'TOW BATTERr' 

The COMMON and DGND (Digital GrouND) outputs of 
the ICL7129 are generated from internal zener diodes 



(Figure 6). COMMON is included primarily to set the 
common-mode voltage for battery operation or for any 
system where the input signals float with respect to the 
power supplies. It also functions as a pre-regulator for an 
external precision reference voltage source. The voltage 
between DGND and V"*" is the supply voltage for the logic 
section of the ICL7129 including the display multiplexer and 
drivers. Both COMMON and DGND are capable of sinking 
current from external loads, but caution should be taken to 
ensure that these outputs are not overloaded. Figure 7 
shows the connection of external logic circuitry to the 
ICL7129. This connection will work providing that the supply 
current requirements of the logic do not exceed the current 
sink capability of the DGND pin. If more supply current is 
required, the buffer in Figure 8 can be used to keep the 
loading on DGND to a minimum. COMMON can source 
approximately 12iuA while DGND has no source capability. 

The "LOW BATTERY" annunciator of the display is 
turned on when the voltage between V"*" and V" drops 
below 7.2V typically. The exact "^oint at which this occurs is 
determined by the 6.3V zener diode and the threshold 
voltage of the n-channel transistor connected to the V~ rail 
in Figure 6. As the supply voltage decreases, the n-channel 
transistor connected to the V-rail eventually turns off and 
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the "LOW BATTERY" input to the logic section is pulled 
HIGH, turning on the "LOW BATTERY" annunciator. 
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Figure 7: DGND Sink Current 
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Figure 8: Buffered DGND 



I/O PORTS 

Four pins of the ICL7129 can be used as either inputs or 
outputs. The specific pin nunribers and functions are de- 
scribed in the Pin Description table (Table 1). If the output 
function of the pin is not desired in an application it can 
easily be overridden by connecting the pin to V"*" (HI) or 
DGND (LO). This connection will not damage the device 
because the output impedance of these pins is quite high. A 
simplified schematic of these input/output pins is shown in 
Figure 9. Since there is approximately 500kr2 in series with 



the output driver, the pin (when used as an output) can only 
drive very light loads such as 4000 series, 74CXX type 
CMOS logic, or other high input impedance devices. The 
output drive capability of these four pins is limited to 3juA, 
nominally, and the input switching threshold is typically 
DGND'^2V. 



DP4/OR PIN 20 

D Pa/UR PIN 21 

LATCH/HOLD pin 22 

CONTINUITY PIN 27 




ICL7129 



Figure 9: "Weaf( Output" 



LATCH/HOLD, OVERRANGE, AND 
UNDERRANGE TIMING 



The LATCH/HOLD output (pin 22) will be pulled low 
during the last 100 clock cycles of each full conversion 
cycle. During this time the final data from the ICL7129 
counter is latched and transferred to the d isplay d ecoder 
and multiplexer. The conversion cycle and LATCH/HOLD 
timing are directly related to the clock frequency. A full 
conversion cycle takes 30,000 clock cycles which is equiva- 
lent to 60,000 osqillator cycles. OverRange (OR pin 20) an 
UnderR ange (U R pin 21) outputs are latched on the falling 
edge of LATCH/HOLD and remain in that state until the end 
of the next conversion cycle. In addition, digits 1 through 4 
are blanked during overrange. All three of these pins are 
"weak outputs" and can be overridden with external drivers 
or pull-up resistors to enable their input functions as 
described in the Pin Description table. 

INSTANT CONTINUITY 

A comparator with a built-in 200mV offset is connected 
directly between INPUT HI and INPUT LO of the ICL7129 
(Figure 10). The CONTINUITY output (pin 27) will be pulled 
high whenever the voltage between the analog inputs is 
less than 200mV. This will also turn on the "CONTINUITY" 
annunciator on the display. The CONTINUITY output may 
be used to enable an external alarm or buzzer, thereby 
giving the ICL7129 an audible continuity checking capabili- 
ty. Since the CONTINUITY output is one of the four "weak 
outputs" of the ICL7129, the "continuity" annunciator on 
the display can be driven by an external source if desired. 
The continuity function can be overridden with a pull-down 
resistor connected between CONTINUITY pin and DGND 
(pin 36). 
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Figure 10: "Instant Continuity" Comparator and Output Structure 
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Figure 11: Triplexed Liquid Crystal Display Layout for ICL7129 



6-104 
Note: All typical values have been guaranteed by charactenzation and are not tested. 



ICL7129 



10 
<0 



BP1 



BP2 



BP3 



ON SEG. 




r 



Figure 12: Typical Baclcplane and Annunciator Drive Waveforms 
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Figure 13: l\/lultimeter Example Showing Use of Annunciator Drive Output 




DISPLAY CONFIGURATION 

The ICL7129 is designed to drive a triplexed liquid crystal 
display. This type of display has three backplanes and is 
driven in a multiplexed format similar to the ICM7231 
display driver family. The specific display format is shown in 
Figure 11. Notice that the polarity sign, decimal points, 
"LOW BATTERY", and "CONTINUITY" annunciators are 
directly driven by the ICL7129. The individual segments and 
annunciators are addressed in a manner similar to row- 
column addressing. Each backplane (row) is connected to 
one-third of the total number of segments. BP1 has all F, A, 
and B segments of the four least significant digits. BP2 has 
all of the C, E, and G segments. BP3 has all D segments, 
decimal points, and annunciators. The segment lines (col- 
umns) are connected In groups of three bringing all 
segments of the display out on just 12 lines. 



ANNUNCIATOR DRIVE 

A special display driver output is provided on the ICL7129 
which is intended to drive various kinds of annunciators on 
custom multiplexed liquid crystal displays. The ANNUNCIA- 
TOR DRIVE output (pin 3) Is a squarewave signal running at 
the backplane frequency, approximately 1 0OHz. This signal 
swings from Vdisp to V^ and is In sync with the three 
backplane outputs BP1, BP2, and BP3. Figure 12 shows 
these four outputs on the same time and voltage scales. 

Any annunciator associated with any of the three back- 
planes can be turned on simply by connecting it to the 
ANNUNCIATOR DRIVE pin. To turn an annunciator off 
connect it to its backplane. An example of a display and 
annunciator drive scheme Is shown in Figure 13. 
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Figure 14: Two Methods for Temperature Compensating the Liquid Crystal Display 



DISPLAY TEMPERATURE 
COMPENSATION 

For most applications an adequate display can be 
obtained by connecting Vpisp (pin 19) to DGND (pin 36). In 
applications where a wide temperature range is encoun- 
tered, the voltage drive levels for some triplexed liquid 
crystal displays may need to vary With temperature in order 
to maintain good display contrast and viewing angle. The 
amount of temperature compensation will depend upon the 
type of liquid crystal used. Display manufacturers can 
supply the temperature compensation requirements for 
their displays. Figure 1 4 shows two circuits that can be 
adjusted to give a temperature compensation of «+ 10mV/ 
°C between V"*" and Vqisp- The diode between DGND and 
Vdisp should have a low turn-on voltage to assure that no 
foHA^ard current is injected into the chip if Vqisp 's more 
negative than DGND. 

COMPONENT SELECTION 

There are only three passive components around the 
ICL7129 that need special consideration in selection. They 
are the reference capacitor, integrator resistor, and integra- 
tor capacitor. There is no auto-zero capacitor like that found 
in earlier integrating A/D converter designs. 

The integrating resistor is selected to be high enough to 
assure goo^ current linearity from the buffer amplifier and 
integrator and low enough that PC board leakage is not a 
problem. A value of 150k^ should be optimum for most 
applications. The integrator capacitor is selected to give an 
optimum integrator swing at full-scale. A large integrator 
swing will reduce the effect of noise sources in the 
comparator but will affect rollover error if the swing gets too 
close to the positive rail («0.7V). This gives an optimum 
swing of ^2.5V at full-scale. For a ISOkH integrating 
resistor and 2 conversions per second the value is 0.1 OmF. 



For different conversion rates, the value will change in 
inverse proportion. A second requirement for good linearity 
is that the capacitor have low dielectric absorption. Polypro- 
pylene caps give good performance at a reasonable price. 
Finally the foil side of the cap should be connected to the 
integrator output to shield against pick-up. 

The only requirement for the reference cap is that it be 
low leakage. In order to reduce the effects of stray 
capacitance, a I.O/xF value is recommended. 

CLOCK OSCILLATOR 

The IGL7129 achieves its digital range changing by 
integrating the input signal for 10OO clock pulses (2,000 
oscillator cycles) on the 2V scale and 1 0,000 clock pulses 
on the 200mV scale. To achieve complete rejection of 60Hz 
on both scales, an oscillator frequency of 120kHz is 
required, giving two conversions per second. 

In low resolution applications, where the converter uses 
only 3V2 digits and lOO/uV resolution, an R-C type oscillator 
is adequate. In this application a C of 51 pF is recommended 
and the resistor value selected from fosc - 0.45/RC. 
However, when the converter is used to its full potential 
(4V2 digits and lOjuV resolution) a crystal oscillator is 
recommended to prevent the noise from increasing as the 
input signal Is increased due to frequency jitter of the R-C 
oscillator. Both R-C and crystal oscillator circuits are shown 
in Figure 15, 
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Figure 15: RC and Crystal Oscillator Circuits 



POWERING THE ICL7129 

The ICL7129 may be operated as a battery powered 
hand-held instrument or integrated into larger systems that 
have more sophisticated power supplies. Figures 16, 17, 
and 18 show various powering modes that may be used 
with the ICL7129. 

The standard supply connection using a 9V battery is 
shown in Figure 3. 

The power connection for systems with +5V and -5V 
supplies available is shown in Figure 16. Notice that 
measurements are with respect to ground. COMMON is not 
connected to INPUT LO but is used only as a pre-regulator 
for the external voltage reference. 

It is important to notice that in Figure 1 6, digital ground of 
the ICL7129 (DGND pin 36) is not directly connected to 
power supply ground. DGND is set internally to approxi- 
mately 5V less than the V "*" terminal and is not intended to 
be used as a power input pin. It may be used as the ground 
reference for external logic, as shown In Figure 7 and 8. In 
Figure 7, DGND is used as the negative supply rail for 
external logic provided that the supply current for the 
external logic does not cause excessive loading on DGND. 
The DGND output can be buffered as shown in Figure 8. 
Here, the logic supply current is shunted away from the 
ICL7129 keeping the load on DGND low. This treatment of 
the DGND output is necessary to insure compatibility when 
the external logic is used to interface directly with the logic 
inputs and outputs of the ICL7129. 
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Figure 16: Powering the ICL7129 from +5V 
and -5V Power Supplies 
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When a battery voltage between 3.8V and 7V is desired 
for operation, a voltage doubling circuit should be used to 
bring the voltage on the ICL7129 up to a level within the 
power supply voltage range. This operating mode is shown 
in Figure 17. 
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Figure 17: Powering the ICL7129 
from a 3.8V to 6V Battery 
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Again measurements are made with respect to COM- 
MON since the entire system is floating. Voltage doubling is 
accomplished by using an ICL7660 CMOS voltage convert- 
er and two inexpensive electrolytic capacitors. The same 
principle applies in Figure 18 where the ICL7129 is being 
used in a system with only a single + 5V power supply. Here 
measurements are made with respect to power supply 
ground. 

A single polarity power supply can be used to power the 
ICL7129 in applications where battery operation is not 
appropriate or convenient only if the power supply is 
isolated from system ground. Measurements must be 
made with respect to COMMON or some other voltage 
within its input common-mode range. 



VOLTAGE REFERENCES 

The COMMON output of the ICL7129 has a temperature 
coefficient of ±80ppm/°C typically. This voltage is only 
suitable as a reference voltage for applications where 
ambient temperature vanations are expected to be minimal. 
When the ICL7129 is used in most environments, other 
voltage references should be considered. The diagram in 
Figures 3 and 18 show the ICL8069 1.2V band-gap voltage 
source used as the reference for the ICL7129, and the 
COMMON output as its pre-regulator. The reference volt- 
age for the ICL71 29 is set to 1 .OOOV for both 2V and 200mV 
full-scale operation. 
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Figure 18: Powering the ICL7129 from a Single Polarity Power Supply 



6-108 
Note: All typical values have been guaranteed by characterization and are not tested. 



ICL7134 

14-Bit Multiplying juP-Compatible 
D/A Converter 




GENERAL DESCRIPTION 

The ICL7134 combines a four-quadrant multiplying DAC 
using thin film resistor and CMOS circuitry with an on-chip 
PROM-controlled correction circuit to achieve true 14-bit 
linearity without laser trimming. 

Microprocessor bus interfacing is eased by standard 
memory WRite cycle timing and control signal use. Two 
input buffer registers are separately loaded with the 8 least 
significant bits (LS register) and the 6 most significant bits 
(MS register). Their contents are then transferred to the 14- 
bit DAC register, which controls the output switches. The 
DAC register can also be loaded directly from the data 
inputs, in which case the registers are transparent. 

The ICL7134 is supplied in two versions. The ICL7134U 
is programmed for unipolar operation while the ICL7134B is 
programmed for bipolar applications. The Vref input to the 
most significant bit of the DAC is separated from the 
reference input to the remainder of the ladder. For unipolar 
use, the two reference inputs are tied together, while for 
bipolar operation, the polarity of the MSB reference is 
reversed, giving the DAC a true 2's complement input 
transfer function. Two resistors which facilitate the refer- 
ence inversion are included on the chip, so only an external 
op-amp is needed. The PROM is coded to correct for errors 
in these resistors as well as the Inversion of the MSB. 



FEATURES 

• 14-Bit Linearity (0.003% FSR) 

• No Gain Adjustment Necessary 

• IMicroprocessor-Compatible With Double Buffered 
Inputs 

• Bipolar Application Requires No Extra 
Adjustments or External Resistors 

• Low Linearity and Gain Temperature Coefficients 

• Low Power Dissipation 

• Full Four-Quadrant Multiplication 
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Figure 1: Pin Configuration (Outline dwg Jl) 



ORDERING INFORMATION 




NON-LINEARITY 


TEMPERATURE RANGE 


OX to +70X 


-25X to +85X 


-55X to +125X 


Bipolar Versions 


0.01% (12-bit) 
0.006% (13-bit) 
0.003% (14-bit) 


ICL7134BJCJI 
ICL7134BKCJI 
ICL7134BLCJI 


ICL7134BJUI 
ICL7134BKIJI 
iCL7134BLUI 


ICL7134BJMJI 
ICL7134BKMJI 
ICL7134BLMJI 


Unipolar Versions 


0.01% (12-bit) 
0.006% (13-bit) 
0.003% (14-bit) 


ICL7134UJCJI 
1CL7134UKCJI 
ICL7134ULCJI 


ICL7134UJIJ! 
ICL7134UKIJI 
ICL7134ULIJI. 


ICL7134UJMJI 
ICL7134UKMJI 
ICL7134ULMJI 



PACKAGE: 28-pin CERDIP only 
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2 ABSOLUTE MAXIMUM RATINGS (Note 1) 

Supply Voltage (V"^ to DGND) -0.3V to 7.5V Operating Temperature Range 

VrfL. Vrfm. RjNV, RfB to DGND ±15V ICL7134XXC 0°G to +70X 

lOUT. AGNDp, AGNDs -0.1V to V+ ICL7134XXI 1 ~25°C to +85X 

Current in AGNDs, AGNDp 25mA ICL7134XXM -55°C to +125X 

An, Dn, WR, OS, PROG -0.3V to V'*'+0.3V Storage Temperature Range -65°C to +150°G 

Power Dissipation (Note 2) 500mW 

Derate Linearly Above 70°C @ 10mW/°C 

Lead Temperature (Soldering, 10sec) 300X 

Note 1: All voltages with respect to DGND. 

Note 2: Assumes all leads soldered or welded to printed circuit board. 

Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 
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Figure 2: ICL7134 Functional Diagram 
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ELECTRICAL CHARACTERISTICS (V^ =5V, Vref=10V, Ta = 25°C unless otherwise specified.) 



SYMBOL 






TEST CONDITIONS 


LIMITS 


UNIT 


PARAMETER 


MIN 


TYP 


MAX 




Resolution 




14 






Bits 




Non-Linearity 


J 


Test Figure 4 
(Notes 1 and 2) 






012 


% FSR 


K 






0.006 


% FSR 


L 






003 


% FSR 




Non-Lineanty Temperature Coefficient (Note 3) 


Operating Temperature Range 




1 


2 


ppm/°C 
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ICL7134 

ELECTRICAL CHARACTERISTICS (CONT.) 



SYMBOL 






TEST CONDITIONS 


LIMITS 


UNIT 


PARAMETER 


MIN 


TYP 


MAX 




Gam Error 


J 


Test Figure 4 
(Notes 1 and 2) 






0.024 


% FSR 


K 






0.012 


% FSR 


L 






0.006 


% FSR 




Gam Error Temperature Coefficient (Note 3) 






2 


8 


ppm/°C 




Monotonicity 
(Note 3) 


J 




12 






Bits 


K 


13 






Bits 


L 


14 






Bits 


lOLK 


louT Leakage Current 


Ta=+25°C 






10 


nA 


Operating Temperature Range 




50 




PSRR 


Power Supply Rejection 


Ta= +25°C, AV+ =±10% 




10 


100 


ppm/V 


Operating Temperature Range 






150 




Output Current Settling Time 






1 




US 




Feedthrough Error 


ICL7134U 


Vref = ±10V, 2kHz Smewave 




250 




juVp-p 


ICL7134B 




500 




Zref 


Reference Input Resistance 


Vrfl = Vrfm (Unipolar Mode) 


4.0 




10 


kl2 


COUT 


Output Capacitance 


DAC Register = All O's 




160 




PF 


DAC Register = All 1's 




235 






Output Noise 


Equivalent Johnson Res. 




7 




k^ 


ViNL 


Low State Input 


Operating Temperature Range 






0.8 


V 


V|NH 


High State Input 


Operating Temperature Range 


2.4 






V 


l|.n 


Logic Input Current 


0<ViN< V^ 






1.0 


M 


C|,n 


Logic Input Capacitance 


(Note 3) 




15 




pF 


V + 


Supply Voltage Range (Note 4) 


Functional Operation 


3.5 




6.0 


V 


1 + 


Supply Current 


(Excluding Ladder) 




1 


2.5 


mA 




Long Term Stability 


1000 Hours, +125°C (Note 3) 




10 




ppm/month 



NOTES: 1. Full-Scale Range (FSR) is 10V for unipolar mode, 20V (±10V) for bipolar mode. 

2. Using internal feedback and reference inverting resistors, 

3 Guaranteed by design, not production tested. 

4. Full scale tested to 0.040% FSR. 

AC CHARACTERISTICS (V+ =5V, see Timing Diagram) 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


tAWs 


Address-WRite Set-Up Time (Mm) 








100 


ns 


UWh 


Address-WRite Hold Time (Mm) 


(Note 3) 









tCWs 


Chip Select-WRite Set-Up Time (Mm) 


(Note 3) 









tCWh 


Chip Select-WRite Hold Time (Mm) 


(Note 3) 









tWR 


WRite Pulse Width Low (Mm) 








200 


tDWs 


Data-WRite Set-Up Time (Mm) 








200 


tDWh 


Data-WRite Hold Time (Mm) 


(Note 3) 
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Figure 3: Timing Diagran 
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DEFINITION OF TERMS 

NONLINEARITY: Error contributed by deviation of the DAC 
transfer function from a straight line function between 
endpoints. Normally expressed as a percentage of full scale 
range. For a multiplying DAC, this should hold true over the 
entire Vref range. 

RESOLUTION: Value of the LSB. For example, a unipolar 
converter with n bits has a resolution of (2"") (Vref)- A 
bipolar converter of n bits has a resolution of [2"^""^^] 
[Vref]. Resolution in no way implies linearity. 
SETTLING TIME: Time required for the output function of 
the DAC to settle to within 1 /2 LSB for a given digital input 
stimulus, i.e., to full-scale. 

GAIN: Ratio of the DAC's operational amplifier output 
voltage to the nominal input voltage value. 
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aj FEEDTHROUGH ERROR: Error caused by capacitive cou- 
— pling from Vref to output with ail switclies OFF. 



Table 1: Pin Descriptions 



PIN 


SYMBOL 


DESCRIPTION 


1 


S§ 


Chip Select (active low). 
Enables register write. 


2 


WR 


WRite, (active low). Writes in register. 
Equivaler^t to CS. 


3 


Do 


Bit 


Least significant 


4 


Di 


Bit 1 


Input 

Data 

Bits 

(High = True) 


5 


D2 


Bit 2 


6 


D3 


Bit 3 


7 


D4 


Bit 4 


8 


D5 


Bit 5 


9 


D6 


Bit 6 


10 


Dy 


Bit 7 


11 


D8 


Bit 8 


12 


D9 


Bit 9 


13 


Dio 


Bit 10 


14 


D11 


Bit 11 


15 


Di2 


Bit 12 


16 


Di3 


Bit 13 


Most significant. 



PIN 


SYMBOL 


DESCRIPTION 


17 


PROG 


Used for programming only. Tie to +5V for 
normal operation. 


18 


Vrfl 


Vref for lower bits. 


19 


RjNV 


Summing node for reference inverting 
amplifier. 


20 


Vrfm 


Vref for MSB only (bipolar). 


21 


Rfb • 


Feedback resistor for voltage output 
applications. 


22 


DGND 


Digital GrouND return. 


23 


AGNDf 


Analog GrouND force lines. Use to carry 
current from internal Analog GrouND 
connections. Tied internally to AGNDs- 


24 


AGNDs 


Analog GrouND sense line. Reference point 
for external circuitry Pin should carry 
minimal currer^t; tied internally to AGNDr 


25 


'out 


Current output pin. 


26 


v-*- 


Positive voltage. 


27 


Ai 


Address 1 


Control register lines 


28 


Ao 


Address 
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Figure 4: Non-Linearity Test Circuit 
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Figure 5: Power Supply Rejection Test Circuit 
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Figure 6: Feedthrough Error Test Circuit 
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Figure 7: Output Current Settling 
Time Test Circuit 



DETAILED DESCRIPTION 

The ICL7134 consists of a 14-bit primary DAC, two 
PROM controlled correction DACs, input buffer registers, 
and microprocessor interface logic (Figure 2). The 14-bit 
primary DAC is an R-2R thin film resistor ladder with N- 
channel MOS SPOT current steering switches. Precise 
balancing of the switch resistances, and all other resis- 
tances in the ladder, results in excellent temperature 
stability. 



True 14-bit linearity is achieved by programming a 
floating polysilicon gate PROM array which controls two 
correction DAC circuits. A 6-bit gain correction DAC, or G- 
DAC, diverts up to 2% of the feedback resistor's current to 
Analog GounND and reduces the gain error to less than 1 
LSB, or 0.006%. The 5 most significant outputs of the DAC 
register address a 31 -word PROM array that controls a 12- 
bit linearity correction DAC, or C-DAC. For every combina- 
tion of the primary DACs 5 most significant bits, a' different 
C-DAC code Is selected. This allows correction of superpo- 
sition errors, caused by bit interaction on the primary 
resistor ladder's current output bus and by voltage non- 
linearity in the feedback resistor. Superposition errors 
cannot be corrected by any method which corrects individu- 
al bits only, such as laser trimming. Since the PROM 
programming occurs in packaged form, it corrects for 
resistor shifts caused by the thermal stresses of packaging. 
These packaging shifts limit the accuracy that can be 
achieved using wafer level correction methods such as 
laser trimming, which has also been found to degrade the 
time stability of thin film resistors at the 14-bit level. 

Analog Section 

The ICL7134 inherently provides both unipolar and bipo- LtJ 
lar operation. The bipolar application circuit (Figure 8) 
requires one additional op-amp but no external resistors. 
The two on-chip resistors, R|nvi and R|nV2' together with 
the op-amp, form a voltage inverter which drives the MSB 
reference terminal, Vrfm, to -Vref. where Vref is the 
voltage applied at the less significant bits' reference termi- 
nal, Vrfl- This reverses the weight of the MSB, and gives 
the DAC a 2's complement transfer function. The op-amp 
and reference connection to Vrfm ^^^ Vrfl can be 
reversed, without affecting linearity, but a small gain error 
will be introduced. For unipolar operation the Vrfm and 
Vrfl terminals are both tied to Vref. and the R|nv Pin 's 
left unconnected. 

Since the PROM correction codes required are different 
for bipolar and unipolar operation, the ICL7134 is available 
in two different versibns; the ICL7134U, which is corrected 
for unipolar operation, and the ICL7134B, which is pro- 
grammed for bipolar application. The feedback resistance is 
also different in the two versions, and is switched under 
PROM control from 'R' in the unipolar device to '2R' in the 
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bipolar part. These feedback resistors have a dummy 
(always ON) switch in series to compensate for the effect of 
the ladder switches. This greatly improves the gain temper- 
ature coefficient and the power supply rejection of the 
device. 

Digital Section 

Two levels of input buffer registers allow loading of data 
from an 8-bit or 16-bit data bus. The Aq and Ai pins select 
one of four operations: 1) load the LS-buffer register with 
the data at inputs Do to D7; 2) load the MS-buffer register 
with the data at inputs De to D13; 3) load the DAC register 
with the contents of the MS and LS-buffer registers and 4) 
load the DAC register directly from the data input pins (see 
Table 2). The CS and WR pins must be low to allow data 
transfers to occur. When direct loading is selected (CS, WR, 
Ao and Ai low) the registers are transparent, and the data 
input pins control the DAC output directly. The other modes 
of operation allow double buffered loading of the DAC from 
an 8-bit bus. 

These input data pins are also used to program the 
PROM under control of the PROG ^pin. This Is done in 
manufacturing, and for normal read-only use the PROG pin 
should be tied to V"*" (-t-5V). 





Table 2: Data Loading Controls 


CONTROL l/P 


ICL7134 OPERATION 


Ao 


Ai 


CS 


WR 


X 


X 


X 


1 


No operation, device not selected. 


X 


X 


1 


X 














Load all registers from data bus. 





1 








Load LS register from data bus. 


1 











Load MS register from data bus. 


1 


1 








Load DAC register from MS and 
LS register. 



Note: Data is latched on LO-HI transition of either WR or CS. 




Figure 8: Bipolar Operation, with 
Inverted Vref to MSB 



APPLICATIONS 

General Recommendations 

GROUND LOOPS 

Careful consideration must be given to ground loops in 
any 14-blt accuracy system. The current Into the analog 
ground point inside the chip varies significantly with the 
input code value, and the inevitable resistances between 
this point and any external connection point can lead to 
significant voltage drop errors. For this reason, two sepa- 
rate leads are brought out from this point on the IC, the 
AGNDp and AGNDs pins. The varying current should be 
absorbed through the AGNDp pin, and the AGNDs pin will 
then accurately reflect the voltage on the internal current 
summing point, as shown In Figure 9. Thus output signals 
should be referenced to the sense pin AGNDs, as shown in 
the various application circuits. 

OPERATIONAL AMPLIFIER SELECTION 

To maintain static accuracy, the Iqut potential must be 
exactly equal to the AGNDs potential. Thus output amplifier 
selection is critical, in particular low input bias current (less 
than 2nA), low offset voltage drift (depending on the 
temperature range) and low offset voltage (less than 25/uV) 
are advisable if the highest accuracy is needed. Maintaining 
a low Input offset over a OV to 1 0V range also requires that 
the output amplifier has a high open loop gain 
(A VOL > 400k for effective input offset less than SSjuV). 
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Figure 9: Eliminating Ground Loops 



The reference inverting amplifier used in the bipolar 
mode circuit must also be selected carefully. If 14-bit 
accuracy is desired without adjustment, low Input bias 
current (less than 1 nA), low offset voltage (less than SOjuV), 
and high gain (greater than 400k) are recommended. If a 
fixed reference voltage is used, the gain requirement can be 
relaxed. For highest accuracy (better than 13 bits), an 
additional op-amp may be needed to correct for IR drop on 
the Analog GrouND line (op-amp A2 in Figure 11). This op- 
amp should be selected for low bias current (less than 2nA) 
and low offset voltage (less than SO/uV). 
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ICL7134 

The op-amp requirements can be readily met by use of 
an ICL7650 chopper stabilized device. For faster settling 
time, an HA26XX can be used with an ICL7650 providing 
automatic offset null (see A053 for details). 

The output amplifier's non-inverting input should be tied 
directly to AGNDs- A bias current compensation resistor is 
of limited use since the output impedance at the summing 
node depends on the code being converted in an unpredict- 
able way. If gain adjustment is required, low tempco 
(approximately 50ppm/°C) resistors or trim-pots should be 
selected. 
POWER SUPPLIES 

The V "'' (pin 25) power supply should have a low noise 
level, and no transients exceeding 7 volts. Note that the 
absolute maximum digital input voltage allowed is V"*", 
which therefore must be applied before digital inputs are 
allowed to go high. Unused digital inputs must be connect- 
ed to GND or V^ for proper operation. 

Unipolar Binary Operation (ICL7134U) 

The circuit configuration for unipolar mode operation 
(ICL7134U) is shown in Figure 10. With positive and 
negative Vref values the circuit is capable of two-quadrant 
multiplication. The "digital input code/analog output value" 
table for unipolar mode is given in Table 3. The Schottky 
diode (HP5082-2811 or equivalent) protects Iqut ^rom 
negative excursions which could damage the device, and is 
only necessary with certain high speed amplifiers. For 
applications where the output reference ground point Is 
established somewhere other than at the DAC, the circuit of 
Figure 10 can be used. Here, op-amp A2. removes the slight 
error due to IR voltage drop between the internal Analog 
GrouND node and the external ground connection. For 1 3- 
bit or lower accuracy, omit A2 and cor^nect AGNDf and 
AGNDs directly to ground through as low a resistance as 
possible. 
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Figure 10: Unipolar Binary, Two-Quadrant 
l\/lultiplying Circuit 
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Table 3: Code Table — Unipolar Binary 
Operation 



DIGITAL INPUT 


ANALOG output 


11111111111111 
1 0000000000001 
1 0000000000000 
1111111111111 
000000000000 1 
00000000000000 


-Vref(1-1/2^'^) 

-Vref(1/2+ 1/2^4) 

-Vref/2 

-Vref(1/2-1/2^^) 

-Vref(1/2^^) 





ZERO OFFSET ADJUSTMENT 

1. Connect all data inputs and WR, CS, Aq and Ai to 
DGND. 

2. Adjust offset zero-adjust trim-pot of the operational 
amplifier A2, if used, for a maximum of OV ±50/uV at 
AGNDs- 

3. Adjust the offset zero-adjust trim-pot of the output 
op-amp, Ai, for a maximum of OV ±50mV at Vqut- 

GAIN ADJUSTMENT (OPTIONAL) 

1 . Connect all data inputs to V^ , connect WR, CS, Aq 
and Ai to DGND. 

2. Monitor Vqut ^or a -Vref (1 -1/2^"*) reading. 

3. To decrease Vqut. connect a series resistor of 
100^ or less between the reference voltage and the 
Vrfm and Vrfl terminals (pins 20 and 18). 

4. To Increase Vqut. connect a series resistor of 
100^2 or less between Ai output and the Rfb 
terminal (pin 21). 
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Figure 12: 


DSOMIOI 

Bipolar (2's Complement), Four^Quadrant Multiplying Circuit 



Bipolar (2's Complement) Operation 
{ICL7134B) 

The circuit configuration for bipolar mode operation 
(ICL7134B) is sliownin Figure 12. Using 2's complement 
digital input codes and positive and negative reference 
voltage values, four-quadrant multiplication Is obtained. The 
"digital input code/analog output value" table for bipolar 
mode is given in Table 4. Amplifier A3, together with internal 
resistors R|nvi and R|nV2. forms a simple voltage inverter 
circuit. The MSB ladder leg sees a reference input of 
approximately -Vref. so the MSB's weight is reversed 
from the polarity of the other bits. In addition, the 
ICL7134B's feedback resistance is switched to 2R under 
PROM control, so that the bipolar output range Is + Vref to 
-Vref {\-^l2}\ Again, the grounding arrangement of 
Figure 11 cari be used, if necessary. 

Table 4: Code Table — Bipolar 
(2*s Complement) Operation 



DIGITAL INPUT 


ANALOG OUTPUT 


1111111111111 
0000000000 001 
00000000000000 

11111111111111 

10000000000001 
10000000000000 


-Vref(1-1/2^^) 

-Vref(1/2^^) 



Vref(1/2^^)^^ 

Vref(1-1/2^^) 

Vref 



OFFSET ADJUSTMENT 

1 . Connect all data inputs and WR, CS, Aq and Ai to 
DGND. 



2. Adjust the offset zero-adjust trim-pot of the 
operational amplifier A2, if used, for a maximum of 
OV ±50iL<V at AGNDs. 

3. Set data to 00000 .... 00. Adjust the offset zero- 
adjust trim-pot of the output op-amp Ai, for a 
maximum of OV ±50juV at Vqut- 

4. Connect D13 (MSB) data input to V"^. 

5. Adjust the offset zero-adjust trim-pot of op-amp A3 
for a maximum of OV ±50juV at the Rinv terminal 
(pin 19). 

GAIN ADJUSTMENT (OPTIONAL) 

1. Connect WR, CS, Aq and Ai to DGND. 

Connect Dq, Di . . . D12 to V"*" , D13 (MSB) to DGND. 

Monitor Vqut for a -Vref ("• - Va"*^) reading. 

To increase Vqut. connect a series resistor of 

200n or less between the Ai output and the Rfb 

terminal (pin 21). 
5. To decrease VouT» connect a series resistor of 

1 0012 or less between the reference voltage and the 

Vrfl terminal (JDln 18). 

Processor Interfacing 

The ease of interfacing to a processor can be seen from 
Figure 14, which shows the ICL7134 connected to an 8035 
or any other processor such as an 8049. The data bus 
feeds into both register inputs; three port lines, in combina- 
tion with the WR line, control the byte-wide loading into 
these registers and then the DAC register. A complete DAC 
set-up requires 4 write instructions to the port, to set up the 
address and CS lines, and 3 external data transfers, one a 
dummy for the final transfer to the DAC register. 



2. 
3. 
4. 



6-116 
Note: All typical values have been guaranteed by characterization and are not tested. 



ICL7134 



o 



PlO-17 

P2O-24 

P25 

P26 

P27 

IM80C35 

IM80C48^„ 

8048 °^o 

8050 

8748 

ETC 



izLi 



PROG V^ DGNO 

CS 
Ao 



• Rfb 

• loUT 
°5 ICL7134 

D7 AGNDs 

Da 



Ar 




Figure 13: ICL7134 Interface to 8048 System 
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Figure 15: 8085 System Interface 




A similar arrangement can be used with an 8080A, 8228, 
and 8224 chip set. Figure 14 shows the circuit, w hich can 
be arranged as a memory-mapped interface ( using M EMW) 
or as an l/O-mapped interface (using I/O WRITE). See 
A020 and R005 for discussions of the relative merits of 
memory-mapped versus l/O-mapped interfacing, as well as 
some other ideas on interfacing with 8080 processors. The 
8085 processor has a very similar interface, except that the 
control lines available are slightly different, as shown in 



Figure 15, The decoding of the IO/M line, which controls 
memory-mapped or l/O-mapped operation, is arbitrary, and 
can be omitted If not necessary. Neither the MC680X nor 
R650X processor families offer specific I/O operations. 
Figure 16 shows a suitable interface to either of these 
systems, using a direct connection. Several other decoding 
options can be used, depending on the other control signals 
generated in the system. Note that the R650X family does 
not require VMA to be decoded with the address lines. 
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Figure 17: Avoiding Digital Feedthrough 
in an 8048 to ICL7134 Interface 
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Figure 18: ICL7134 to 8048/80/85 Interface with Low Feedthrough 



Digital Feedthrough 

All of the direct interfaces shown above can suffer from a 
capacitive coupling problem. The 14 data pins, and 4 
control pins, all tied to active lines on a microprocessor bus, 
and in close proximity to the sensitive DAC circuitry, can 
couple pseudo-random spikes into the analog output. 
Careful board layout and shielding can minimize the prob- 
lems (see PC layout), and clearly wire-wrap type sockets 
should never be used. Nevertheless, the inherent capaci- 
tance of the package alone can lead to unacceptable digital 
feedthrough in many cases. The only solution is to keep the 
digital input lines as inactive as possible. One easy way to 
do this is to use the peripheral interface circuitry available 
with all the systems previously discussed. These generally 



allow only 8 bits to be updated at any one time, but a little 
ingenuity will avoid difficulties with DAC steps that would 
result from partial updates. The problem can be solved for 
the 8048 family by tying the 14 port lines to the data i nput 
lines, with CS, Aq and Ai held low, and using only the WR 
line to enter the data into the DAC (as shown in Figure 17). 
WR is well separated from the analog lines on the ICL7134, 
and is usually riot a very active line in 8048 systems. 
Additional "protection" can be achieved by gating the 
processor WR line with another port line. The heavy use of 
port lines can be alleviated by use of the IM82C43 port 
expander. The same type of technique can be employed in 
the 8080/85 systems by using an 8255 PIA (peripheral 
Interface adapter) (Figure 18) and in the MC680X and 
R650X systems by using an MC6820 (R6520) PIA. 
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Figure 19: Successive Approximation A/D Converter 
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Successive Approximation A/D Converters 

Figure 19 shows an ICL7134B-based circuit for a bipolar 
input high speed A/D converter, using two AM25L03S to 
form a 14-bit successive approximation register. The com- 
parator is a two-stage circuit with an HA2605 front-end 
amplifier, used to reduce settling time problems at the 
summing node (see A020). Careful offset-nulling of this 
amplifier is needed, and if wide temperature range opera- 
tion is desired, an auto-null circuit using an ICL7650 is 
probably advisable (see A053). The clock, using two 
Schmitt trigger TTL gates, runs at a slower rate for the first 8 



bits, where settling-time is most critical, than for the last 6 
bits. The short-cycle line is shown tied to the 15th bit; if 
fewer bits are required, it can be move d up accordingly. The 
circuit will free-run if the HOLD/RUN input is held low, but 
will stop after completing a conversion if the pin is high at 
that time. A low-going pulse will restart it. The STATUS 
output indicates when the device is operating, and the 
falling edge indicates the availability of new data. A unipolar 
version may be constructed by tying the MSB (Dis) on an 
ICL7134U to pin 14 on the first AM25L03, deleting the 
reference inversion amplifier A4, and tying Vrfm to Vrfl- 
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(b) Top Side with Component Placement 
Figure 20: Printed Circuit Board Layout (Bipolar Circuit, see Figure 12) 



PC BOARD LAYOUT 

Great care should be taken in the board layout to 
minimize ground loop and similar "hidden resistor" prob- 
lems, as well as to minimize digital signal feedthrough. A 
suitable layout for the immediate vicinity of the ICL7134 is 
shown in Figure 20, and may be used as a guide. 

APPLICATION NOTES 

Some applications bulletins that may be found useful are 
listed here: 

A016 "Selecting A/D Converters," by Dave Fullagar. 
A017 "The Integrating A/D Converter," by Lee Evans. 



A018 "Do's and Dont's of Applying A/D Converters," by 

Peter Bradshaw and Skip Osgood. 
A020 "A Cookbook Approach to High Speed Data 

Acquisition and Microprocessor Interfacing," by Ed 

Sliger. 
A021 "Power A/D Converters Using the ICH8510," by 

Dick Wilenken. 
A030 "The ICL71 04 — A Binary Output A/D Converter for 

Microprocessors," by Peter Bradshaw. 
R005 "Interfacing Data Converters & Microprocessors," 

by Peter Bradshaw et al. Electronics, Dec. 9, 1 976. 

Most of'these are available in the Intersil Data Acquisition 
Handbook, together with other matenal. 
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ICL7135 

4V2-Digit BCD Output 
A/D Converter 




01 



GENERAL DESCRIPTION 

The Intersil ICL7135 precision A/D converter, with its 
multiplexed BCD output and digit drivers, combines dual- 
slope conversion reliability with ± 1 in 20,000 count accura- 
cy and is ideally suited for the visual display DVM/DPM 
market. The 2.0000V full scale capability, auto-zero and 
auto-polarity are combined with true ratiometric operation, 
almost ideal differential linearity and true differential input. 
All necessary active devices are contained on a single 
CMOS I.e., with the exception of display drivers, reference, 
and a clock. 

The intersil ICL7135 brings together an unprecedented 
combination of high accuracy, versatility, and true economy. 
It features auto-zero to less than 10juV, zero drift of less 
than 1/LiV/°C, input bias current of 10 pA max., and rollover 
error of less than one count. The versatility of multiplexed 
BCD outputs is increased by the addition of several pins 
which allow it to operat e in more sophisticated systems. 
Thes e includ e STROBE, OVERRANGE, UNDER-RANGE, 
RUN/HOLD and BUSY lines, making it possible to interface 
the circuit to a microprocessor or DART. 

ORDERING INFORMATION 



PART NUMBER 


TEMP. RANGE 


PACKAGE 


ICL7135CJI 


0°C to f 70°C 


28-Pin CERDIP 


ICL7135CPI 


0°C to +70X 


28-Pin Plastic DIP 


ICL7135EV/K1T 


Evaluation Kit 
(Pc Board, active, passive components) 



FEATURES 

• Accuracy Guaranteed to ±1 Count Over Entire 
±20,000 Counts (2.0000 Volts Full Scale) 

• Guaranteed Zero Reading for Volts Input 

• IpA Typical Input Current 

• True Differential Input 

• True Polarity at Zero Count for Precise Null 
Detection 

• Single Reference Voltage Required 

• Over-Range and Under-Range Signals Available 
for Auto-Range Capability 

• All Outputs TTL Compatible 

• Blinking Outputs Gives Visual Indication of Over- 
range 

• Six Auxiliary Inputs/Outputs Are Available for 
Interfacing to UARTs, Microprocessors or Other 
Circuitry 

• Multiplexed BCD Outputs 
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Figure 1: ICL7135 Connection Diagram 



Figure 2: Pin Configuration 
(Outline dwgs Jl, PI) 



6-121 



Note. All typical values have been guaranteed by characterization and are not tested. 



ID 



l(^L713S 

Absolute maximum ratings 

Supply Voltage V+ +6V 

V- -9V 

Analog Input Voltage (either input) (Note 1) ..V^ to V 

Reference Input Voltage (either input) V"*" to V~ 

Clock Input ,: Gnd to V + 



Power Dissipation (Note 2) 

Ceramic Package !. lOOOmW 

Plastic Package 800mW 

Operating Temperature O^C to +70X 

Storage Temperature..... '. -65°C to +150°C 

Lead Ternperature (Soldering, 10sec) ..300°C 



Note 1: Input voltages may exceed the supply voltages provided the input current is limited to +100juA. 

Note 2: Dissipation rating assumes device is mounted with all leads soldered to pnnted circuit board. 

•COMMENT. Stresses above those listed under "Absolute Maximum Ratings" may cause perrnanent damage to the devices. This is a stress rating only and 
functional operation of the devices, at these or any other conditions above those indicated in the operational sections of the specifications is not implied. 
Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 

ELECTRICAL CHARACTERISTICS (Note 1) 

(V"*" = +5V, V" = -5V, Ta = 25°C, Clock Frequency Set for 3 Reading/Sec) 



SYMBOL 


CHARACTERISTICS 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


ANALOG (Note 1) (Note 2) 




Zero Input Reading 


V|N = OV 
Full Scale == 2.000V 


-0.0000 


±0.0000 


+ 0.0000 


Digital 
Reading 




Ratiometric Reading (2) 


Vin^Vref 
Full Scale = 2.000V 


+ 0.9998 


+ 0.9999 


+ 1 0000 


Digital 
Reading 




Lineanty over ± Full Scale 
(error of reading from 
best straight line) 


-2V<V|N< +2V 




0.5 


1 


Digital 
Count 
Error 




Differential Lineanty 
(difference between worse 
case step of adjacent counts 
and ideal step) 


-2V<V|N< +2V 




.01 




LSB 




Rollover error (Difference in 
reading for equal positive & 
negative voltage near full scale) 


-V|N=+V|N'^2V 




0.5 


1 


Digital 
Count 
Error 


en 


Noise (P-P value not 
exceeded 95% of time) 


V|N = OV 
Full scale = 2.000V 




15 




mV 


hlK 


Leakage Current at Input 


V|N = OV 




1 


10 


pA 




Zero Reading Dnft 


V|N = OV 
0° < Ta < 70°C 




5 


2 


juV/X 


TC 


Scale Factor Temperature 
Coefficient (3) 


V|N= +2V 

< Ta < 70^ 

(ext. ref. ppm/°C) 




2 


5 


ppm/°C 
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ICL7135 

ELECTRICAL CHARACTERISTICS (CONT.) 



NOTES: 1. Tested in 4-1/2 digit (20,000 count) circuit shown in Figure 3, clock frequency 120kHz. 

2. Tested with a low dielectric absorption integrating capacitor. See Component Selection Section. 

3. The temperature range can be extended to +70°C and beyond as long as the auto-zero and reference capacitors are increased to 
absorb the higher leakage of the ICL7135. 

4. This specification relates to the clock frequency range over which the ICL7135 will correctly perform its vanous functions. See "Max 
Clock Frequency" below for limitations on the clock frequency range in a system. 
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SYMBOL 


CHARACTERISTICS 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


DIGITAL 


INPUTS 


VjNH 
V|NL 
llNL 
l|NH 


Clock in, Run/ Hold, See Figure 4 


V|N = 
V|N=+5V 


2.8 


2.2 
1.6 
0.02 
0.1 


0.8 
0.1 
10 


V 
mA 

mA 


OUTPUTS 


Vol 

VOH 
VOH 


All Outputs 

Bi, B2. B4, Be 

Di, D2, D3, D4, D5 

BUSY, STROBE, 

OVER-RANGE, UNDER-RANGE 

POLARITY 


lOL = 1 6mA 
l0H= -1mA 

l0H= -10M 


2.4 
4.9 


0.25 
4.2 

4.99 


0.40 


V 
V 

V 


SUPPLY 


V + 


+ 5V Supply Range 




-1-4 


+ 5 


+ 6 


V 


V- 


-5V Supply Range 




-3 


-5 


-8 


V 


1 + 


+ 5V Supply Current 


fc = 




1.1 


3.0 


mA 


r 


-5V Supply Current 


fc = 




0.8 


3.0 




CPD 


Power Dissipation Capacitance 


vs Clock Freq 




40 




PF 


CLOCK 




Clock Freq. (Note 4) 




DC 


2000 


1200 


kHz 



Figure 4: 7135 Digital Logic input 
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Figure 5: Analog Section of ICL7135 



DETAILED DESCRIPTION 
Analog Section 

Figure 5 shows the Block Diagram of the Analog Section 
for the ICL7135. Each measurement cycle is divided into 
four phases. They are (1) auto-zero (A-Z), (2) signal- 
integrate (INT), (3) deintegrate (DE) and (4) zero-integrator 
(Zl). 
AUTO-ZERO PHASE 

During auto-zero three things happen. First, input high 
and low are disconnected from the pins and internally 
shorted to analog COMMON. Second, the reference capac- 
itor is charged to the reference voltage. Third, a feedback 
loop is closed around the system to charge the auto-zero 
capacitor Caz to compensate for offset voltages in the 
buffer amplifier, integrator, and comparator. Since the 
comparator is included in the loop, the A-Z accuracy is 
limited only by the noise of the system. In any case, the 
offset referred to the input is less than 10juV. 
SIGNAL INTEGRATE PHASE 

During signal integrate, the auto-zero loop is opened, the 
internal short Is removed, and the internal input high and 
low are connected to the external pins. The converter then 
integrates the differential voltage between IN HI and IN LO 
for a fixed time. This differential voltage can be within a wide 
common mode range; within one volt of either supply. If, on 
the other hand, the input signal has no return with respect 
to the converter power supply, IN LO can be tied to analog 
COMMON to establish the correct common-mode voltage. 
At the end of this phase, the polarity of the integrated signal 

to i««ivi iv^u ini.\j II t^ pv^iciiiiy I / I . 

DE-INTEGRATE PHASE 

The Third phase is de-integrate, or reference integrate. 
Input LOW is internally connected to analog COMMON and 
input high is connected across the previously charged 



reference capacitor. Circuitry within the chip ensures that 
the capacitor will be connected with the correct polarity to 
cause the integrator output to return to zero. The time 
required for the output to return to zero is proportional to the 
input signal. Specifically the digital reading displayed is 
10,000 / V|N \. 
\v^/ 

ZERO INTEGRATOR PHASE 

The fin^l phase is zero integrator. First, input low is 
shorted to analog COMMON. Second, a feedback loop is 
closed around the system to input high to cause the 
integrator output to return to zero. Under normal condition, 
this phase lasts from 1 00 to 200 clock pulses, but after an 
overrange conversion, it is extended to 6200 clock pulses. 

Differential Input 

The input can accept differential voltages anywhere 
within the common mode range of the input amplifier; or 
specifically from 0.5 volts below the positive supply to 1 .0 
volt above the negative supply. In this range the system has 
a CMRR of 86 dB typical. However, since the integrator also 
swings with the common mode voltage, care must be 
exercised to assure the integrator output does not saturate. 
A worst case condition would be a large positive common- 
mode voltage with a near full-scale negative differential 
input voltage. The negative input signal drives the integrator 
positive when most Of its swing has been used up by the 
positive common mode voltage. For these critical applica- 
tions the integrator swing can be reduced to less than the 
recommended 4V full scale swing with some loss of 
accuracy. The integrator output can swing within 0,3 volts of 
either supply without loss of linearity. 
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Analog Common 

Analog COMMON Is used as the input low return during 
auto-zero and de-integrate. If IN LO is different from analog 
COMMON, a common mode voltage exists in the system 
and is taken care of by the excellent CMRR of the 
converter. Hov\^ever, in most applications IN LO will be set 
at a fixed known voltage (power supply common for 
instance). In this application, analog COMMON should be 
tied to the same point, thus removing the common mode 
voltage from the converter. The reference voltage is 
referenced to analog COMMON. 

Reference 

The reference input must be generated as a positive 
voltage with respect to COMMON, as shown in Figure 6. 

DETAILED DESCRIPTION 
Digital Section 

Figure 7 shows the Digital Section of the 7135. The 7135 
includes several pins which allow it to operate conveniently 
in more sophisticated systems. These include: 
Run/HOLD (Pin 25). When high {or open) the A/D will free- 
run with equally spaced measurement cycles every 40,002 
clock pulses. It taken low, the converter will continue the full 
measurement cycle that it is doing and then hold this 
reading as long as R/H is held low. A short positive pulse 
(greater than 300ns) will now initiate a new measurement 
cycle, beginning with between 1 and 10,001 counts of auto 
zero. If the pulse occurs before the full measurement cycle 
(40,002 counts) is completed, it will not be recognized and 
the converter will simply complete the measurement it is 
doing. An external indication that a full measurement cycle 
has been completed is that the first strobe (bUlse (see 
below) will occur 1 01 counts after the end of this cycle. 
Thus, if Run/HOLD is low and has been low foi- at least 101 
counts, the converter is holding and ready to start a new 
measurement when pulsed high. 

STROBE (Pin 26). This is a negative going output pulse that 
aids in transferring the BCD data to external latches, 



UARTs o r microprocessors. There are 5 negative going 
STROBE pulses that occur in the center of each of the digit 
drive pulses and occur once and only once for each 
measurement cycle starting 101 pulses after the end of the 
full measurement cycle. Digit 5 (MSD) goes high at the end 
of the measurement cycle and stays on for 201 counts. In 
the center of this digit pulse (to avoid race conditions 
between changing BCD and digit drives) the first STROBE 
pulse goes negative for V2 clock pulse width. Similarly, after 
digit 5, digit 4 g oes high (for 200 clock pulses) and 100 
pulses later the STROBE goes negative for the second 
time . This con tinues through digit 1 (LSD) when the fifth and 
last STROBE pulse is sent. The digit drive will continue to 
scan (unl ess the p revious signal was overrange) but no 
additional STROBE pulses will be sent until a new measure- 
ment is available. 




DiQITAL CLOCK 
GND IN 



RUN/ OVER UNDER STROBE BUSY 
H@L6 range RANGE 



Figure 7: Digital Section of the 7135 



BUSY (Pin 21). BUSY goes high at the beginning of signal 
integrate and stays high until the first clock pulse after zero- 
crossing (or after end of measurement in the case of an 
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overrange). The internal latches are enabled (i.e., loaded) 
during the first clock pulse after busy and are latched at the 
end of this clock pulse. The circuit automatically reverts to 
auto-zero when not BUSY, so it may also be considered a 
(Zl + AZ) signal. A very Simple means for transmitting the 
data down a single wire pair from a remote location would 
be to AND BUSY with clock and subtract 10,001 counts 
from the number of pulses received - as mentioned 
previously there Is one "NO-count" pulse in each reference 
integrate cycle. 

OVER-RANGE (Pin 27). This pin goes positive when the 
input signal exceeds the range (20,000) of the converter. 
The output F/F is set at the end of BUSY and is reset to 
zero at the beginning of Reference integrate in the next 
measurement cycle. 

UNDER-RANGE (Pin 28). This pin goes positive when the 
reading is 9% of range or less. The output F/F is set at the 
end of BUSY (if the new reading Is 1800 or less) and is reset 
at the beginning of signal integrate of the next reading. 
POLARITY (Pin 23). This pin is positive for, a positive input 
signal. It is valid even for a zero reading. In other words, 
+ 0000 means the signal is positive but less than the least 
significant bit. The converter can be, used as a null detector 
by forcing equal frequency of ( + ) and (-) readings. The null 
at this point should be less than 0.1 LSB. This output 
becomes valid at the beginning of reference integrate and 
remains correct until it is re-validated for the next measure- 
ment. 

Digit Drives (Pins 12, 17, 18, 19 and 20). Each digit drive is 
a positive going signal that lasts for 200 clock pulses. The 
scan sequence is D5 (MSD), D4, D3, D2 and Di (LSD). All 
five digits ar^ scanned and this scan is continuous unless 
an over-rang^ occurs. Then all digit drives are blanked from 
the end of the strobe sequence until the beginning of 
Reference Integrate when D5 will Start the scan again. This 
can give & blinking display as a visual indication of over- 
rang6. 

BCD (Pins 13, 14, 15 and 16). The Binary coded Decimal 
bits Be, B4, B2 and B-i are positive logic signals that go on 
simultaneously with the digit driver signal. 

COMPONENT VALUE SELECTION 

For optimum performance of the analog section, care 
must be taken in the selection of values for the integrator 
capacitor and resistor, auto-zero capacitor, reference volt- 
age, and conversion rate. These values must be chosen to 
suit the particular application. 

Integrating Resistor 

The integrating resistor 1$ determined by the full scale 
input voltage and the output current of the buffer used to 
charge the integrator capacitor. Both the buffer amplifier 
and the integrator have a class A output stage with lOOjuA 
of quiescent current. They can supply 20/liA of drive current 
with negligible non-linearity. Values of 5 to 40iuA give good 
results, with a nominal of 20/iA, and the exsict value of 
integrating resistor may be chosen by 



RiNT = 



full scale voltage 
__ 



Integrating Capacitor 

The product of integrating resistor and capacitor should 
be selected to give the maximum voltage swing, which 



ensures that the tolerance built-up will not saturate the 
integrator swing (approx. 0.3 volt from either supply). For ±5 
volt supplies and analog COMMON tied to supply ground, a 
±3.5 to ±4 volt full scale Integrator swing is fine, and 0.47iuF 
is nominal. In general, the value of C|nt 'S given by 



C|NT = (: 



[1 0,000 X clock period] x I|nt 

integrator output voltage swing 

(10,000) (clock period) (20iuA) 

integrator output voltage swing 

A very important characteristic of the integrating capaci- 
tor is that it has low dielectric absorption to prevent roll-over 
or ratiometric errors. A good test for dielectric absorption is 
to use the capacitor with the input tied to the reference. 

This ratiometric condition should read half scale 0.9999, 
and any deviation is probably due to dielectric absorption. 
Polypropylene capacitors give undetectable errors at rea- 
sonable cost. Polystyrene and polycarbonate capacitors 
may also be used in less critical applications. 
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Figure 8: Timing Diagram for Outputs 



Auto-Zero and Reference Capacitor 

The size of the auto-zero capacitor has some influence 
on the noise of the system, a large capacitor giving less 
noise. The reference capacitor should be large enough 
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such that stray capacitance to ground from its nodes is 
negligible. 

The dielectric absorption of the reference cap and auto- 
zero cap are only important at power-on or when the circuit 
is recovering from an overload. Thus, smaller or cheaper 
caps can be used here if accurate readings are not required 
for the first few seconds of recovery. 

Reference Voltage 

The analog input required to generate a full-scale output 
is V|N = 2 Vref- 

The stability of the reference voltage is a major factor in 
the overall absolute accuracy of the converter. For this 
reason, it is recommended that a high quality reference be 
used where high-accuracy absolute measurements are 
being made. 

Rollover Resistor and Diode 

A small rollover error occurs in the 7135, but this can be 
easily corrected by adding a diode and resistor in sehes 
between the INTegrator OUTput and analog COMMON or 
ground. The value shown in the schematics is optimum for 
the recommended conditions, but if integrator swing or 
clock frequency is modified, adjustment may be needed. 
The diode can be any silicon diode, such as 1N914. These 
components can be eliminated if rollover error is not 
important, and may be altered In value to correct other 
(small) sources of rollover as needed. 

Max Clock Frequency 

The maximum conversion rate of most dual-slope A/D 
converters is limited by the frequency response of the 
comparator. The comparator in this circuit follows the 
integrator ramp with a 3/lis delay, and at a clock frequency 
of 1 60kHz (6iLis period) half of the first reference integrate 
clock period is lost in delay. This means that the meter 
reading will change from to 1 with a SO/xV input, 1 to 2 with 
1 SOjLiV, 2 to 3 at 250iuV, etc. This transition at mid-point is 
considered desirable by most users; however, if the clock 
frequency Is increased appreciably above 160kHz, the 
instrument will flash "1" on noise peaks even when the 
input is shorted. 

For many-dedicated applications where the input signal is 
always of one polarity, the delay of the comparator need not 
be a limitation. Since the non-linearity and noise do not 
increase substantially with frequency, clock rates of up to 
~1 MHz may be used. For a fixed clock frequency, the extra 
count or counts caused by comparator delay will be 
constant and can be subtracted out digitally. 

The clock frequency may be extended above 160kHz 
without this error, however, by using a low value resistor in 
series with the integrating capacitor. The effect of the 
resistor is to introduce a small pedestal voltage on to the 
integrator output at the beginning of the reference integrate 
phase. By careful selection of the ratio between this resistor 
and the integrating resistor (a few tens of ohms in the 
recommended circuit), the comparator delay can be com- 
pensated and the maximum clock frequency extended by 
approximately a factor of 3. At higher frequencies, ringing 
and second order breaks will cause significant nonlineari- 
tles in the first few counts of the instrument - see Applica- 
tion Note A017. 

The minimum clock frequency is established by leakage 
on the auto-zero and reference caps. With most devices. 



measurement cycles as long as 10 seconds give no 
measurable leakage error. 

To achieve maximum rejection of 60Hz pickup, thfe signal 
Integrate cycle should be a multiple of 60Hz. Oscillator 
frequencies of 300kHz, 200kHz, 150kHz, 120kHz. 100kHz, 
40kHz, 33V3kHz, etc. should be selected. For 50Hz rejec- 
tion, oscillator frequencies of 250kHz, 166^3kHz, 125kHz, 
100kHz, etc. would be suitable. Note that 100kHz (2.5 
readings/second) will reject both 50 and 60Hz. 

The clock used should be free from significant phase or 
frequency jitter. Several suitable low-cost oscillators are 
shown in the Applications section. The multiplexed output 
means that if the display takes significant current from the 
logic supply, the clock should have good PSRR. 

Zero-Crossing Flip-Flop 

The flip-flop interrogates the data once every clock pulse 
after the transients of the previous clock pulse and half- 
clock pulse have died down. False zero-crossings caused 
by clock pulses are not recognized. Of course, the flip-flop 
delays the true zero-crossing by up to one count in every 
instance, and if a correction were not made, the display 
would always be one count too high. Therefore, the counter 
is disabled for one clock pulse at the beginning of phase 3. 
This one-count delay compensates for the delay of the 
zero-crossing flip-flop, and allows the correct number to be 
latched into the display. Similarly, a one-count delay at the 
beginning of phase 1 gives an overload display of 0000 
instead of 0001. No delay occurs during phase 2, so that 
true ratiometric readings result. 

EVALUATING THE ERROR SOURCES 

Errors from the "ideal" cycle are caused by: 

1. Capacitor droop due to leakage. 

2. Capacitor voltage change due to charge "suck-out" 
(the reverse of charge injection) when the switches 
turn off. 

3. Non-linearity of buffer and integrator. 

4. High-frequency limitations of buffer, integrator/^nd 
comparator. 

5. Integrating capacitor non-linearity (dielectric 
absorption.) 

6. Charge lost by Cref '" charging Cstray. 

7. Charge lost by Caz and C|nt to charge Cstray. 

Each of these errors is analyzed for its error contribution 
to the converter in application notes listed on the back 
page, specifically A017 and A032. 

NOISE 

The peak-to-peak noise around zero is approximately 
1 5jLiV (pk-to-pk value not exceeded 95% of the time). Near 
full scale, this value increases to approximately 30iuV. Much 
of the noise originates In the auto-zero loop, and is 
proportional to the ratio of the input signal to the reference. 

ANALOG AND DIGITAL GROUNDS 

Extreme care must be taken to avoid ground loops in the 
layout of ICL7135 circuits, especially In high-sensitivity 
circuits. It is most important that return currents from digital 
loads are not fed into the analog ground line. 
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POWER SUPPLIES 

The 7135 is designed to work from ±5V supplies. 
However, in selected applications no negative supply is 
required. The conditions to use a single +5V supply are: 

1 . The input signal can be referenced to the center of 
the common mode range of the converter. 

2. The signal Is less than ±1.5 volts. 

See "differential input" for a discussion of the effects this 
will have on the integrator swing without loss of linearity. 

TYPICAL APPLICATIONS 

The circuits which follow show some of the wide variety 
of possibilities, and serve to illustrate the exceptional 
versatility of this A/D converter. 

Figure 9 shows the complete circuit for a 4-V2 digit 
(±2.000V) full scale) A/D with LED readout using the 
ICL8069 as a 1.2V temperature compensated voltage 
reference. It uses the band-gap principal to achieve excel- 
lent stability and low noise at reverse currents down to 
50/uA. The circuit also shows a typical R-C input filter. 
Depending on the application, the time-constant of this filter 
can be made faster, slower, or the filter deleted completely. 
The V2 digit LED is driven from the 7 segment decoder, with 
a zero reading blanked by connecting a D5 signal to RBI 
input of the decoder. The 2-gate clock circuit should use 
CMOS gates to maintain good power supply rejection. 

Figure 1 is similar except the output drives a multiplexed 
common cathode LED Display with the 7-Common Emitter 



Transistor Array, for the digit driver transistors, making a 
lower component count possible. Both versions of the 
complete circuit will give a blinking display as a visual 
indication of overrange. A clock oscillator circuit using the 
ICM7555 CMOS timer is shown. 

A suitable circuit for driving a plasma-type display is 
shown in Figure 1 1 . The high voltage anode driver buffer is 
made by Dionics. The 3 AND gates and caps driving 'Bl' are 
needed for interdigit blanking of multiple-digit display ele- 
ments, and can be omitted if not needed. The 2.5k^ & 3k^ 
resistors set the current levels in the display. A similar 
arrangement can be used with NixieCg) tubes. 

The popular LCD displays can be Interfaced to the 0/P of 
the ICL7135 with suitable display drivers, such as the 
ICM721 1A as shown in Figure 13. A standard CMOS 4030 
QUAD XOR gate is used for displaying the V2 digit, the 
polarity, and an 'overrange' flag. A similar circuit can be 
used with the ICL7212A LED driver and the ICM7235A 
vacuum fluorescent driver with appropriate arrangements 
made for the 'extra' outputs. Of course, another full driver 
circuit could be ganged to the one shown if required. This 
would be useful If additional annunciators were needed. 
The Figure shows the complete circuit for a 4-V2 digit 
(±2,000V) A/D. 

Figure 12 shows a more complicated circuit for driving 
LC D displays . Here the data is latched into the I CM 721 1 by 
the STROBE signal and 'Overrange' is indicated by blank- 
ing the 4 full digits. 
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Figure 9: 4-V2 Digit A/D Converter with a IMultiplexed Common Anode LED Display 
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Figure 10: Driving l^ultiplexed Common Cathode LED Displays 
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Figure 11: 1CL7135 Plasma Display Circuit 
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Figure 13: Driving LCD Displays 



A problem sometimes encountei'ed with both LED & 
plasma-type display driving is that of clock source supply 
line variations. Since the supply is shared with the display, 
any variation in voltage due to the display reading may 
cause clock supply voltage modulation. When in overrange 
the display alternates between a blank display and the 0000 
overrange indication. This shift occurs during the reference 
integrate phase of conversion causing a low display reading 
just after overrahge recovery. Both of the above circuits 
have considerable current flowing in the digital supply from 
drivers, etc. A clock source using an LM311 voltage 
comparator with positive feedback (Figure 14) could mini- 
mize any clock frequency shift problem. 

The 7135 is designed to work from ±5 volt supplies. 
However, if a negative supply is not available, It can be 
generated with an ICL7660 and two capacitors (Figure 15). 
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Figure 15: Generating a Negative Suppiy 
from +5V 



INTERFACING WITH UARTS AND 
MICROPROCESSORS 

Figure 1 6 shows a very simple interface between a free- 
running ICL7135 and a UART. The five STROBE pulses 
start the transmission of the five data words. The digit 5 
word is OOOOXXXX, digit 4 is 1000XXXX, digit 3 is 
0100XXXX, etc. Also the polarity is transmitted indirectly by 
using it to drive the Even Parity Enable Pin (EPE). If EPE of 
the receiver is held low, a parity flag at the receiver can be 
decoded as a positive signal, no flag as negative. A 
complex arrangement is shown in Figure 17. Here the 
UART can instruct the A/D to begin a measurement 
sequence by a word on RRI. The B USY signa l resets the 
Data Ready Reset (DRR). Again STROBE starts the 
transmit sequence. A quad 2 input multiplexer is used to 
superimpose polarity, over-range, and under-range onto the 
D5 word since in this instance It is known that 
B2 = B4 = Be = 0. 
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Figure 19: ICL7135 to MCS-48, -80, 
85 Interface 



For correct operation it is important that the UART clock 
be f ast enoug h that each word is transmitted before the 
next STROBE pulse arrives. Parity is locked into the UART 
at load time but does not change in this connection during 
an output stream. 

Circuits to interface the ICL7135 directly with three 
popular microprocessors are shown in Figures 18 and 19. 
The 8080/8048 and the MC6800 groups with 8 bit buses 
need to have polarity, over-range and under-range multi- 
plexed onto the Digit 5 word — as In the UART circuit. In 
each case the microprocessor can instruct the A/D when to 
begin a measurement and when to hold this measurement. 
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g 3V2-Digit LCD Low Power 
" A/D Converter 




GENERAL DESCRIPTION 

The Intersil ICL7136 is a high performance, very low 
power 3V2-cligit A/D converter. All the necessary active 
devices are contained on a single CMOS IC, including 
seven-segment decoders, display drivers, reference, and 
clock. The 7136 is designed to interface with a liquid crystal 
display (LCD) and includes a backplane drive. The supply 
current is under lOOjuA, ideally suited for 9V battery 
operation. 

The 7136 brings together an unprecedented combination 
of high accuracy, versatility, and true economy. High 
accuracy, like auto-zero to less than 1 0/uV, zero drift of less 
than 1juV/°C, input bias current of 10pA max., and rollover 
error of less than one count. The versatility of true 
differential input and reference is useful in all systems, but 
gives the designer an uncommon advantage when measur- 
ing load cells, strain gauges and other bridge-type transduc- 
ers. And finally the true economy of single power supply 
operation allows a high performance panel meter to be built 
with the addition of only 7 passive components and a 
display. 

The ICL7136 is an improved version of the ICL7126, 
eliminating the overrange hangover and hysteresis effects, 
and should be used in its place in all applications. It can also 
be used as a plug-in replacement for the ICL7106 in a wide 
variety of applications, changing only the passive compo- 
nents. 



FEATURES 

• First-Reading Recovery From Overrange Gives 
Immediate "OHly/IS" l\/Ieasurement 

• Guaranteed Zerb Reading for OV Input 

• True Polarity at Zero for Precise Null Detection 

• IpA Typical Input Current 

• True Differential Input and Reference 

• Direct LCD Display Drive — No External 
Components Required 

• Pin Compatible With The ICL7106, ICL7126 

• Low Noise — ISjuVp-p Without Hysteresis or 
Overrange Hangover 

• On-Chip Clock and Reference 

• Low Power Dissipation, Guaranteed Less Than 
1mW— -Gives 8,000 Hours Typical 9V Battery 
Life 

• No Additional Active Circuits Required 

• Evaluation Kit Available (ICL7136EV/Kit) 

ORDERING INFORMATION 



PART NUMBER 


TEMPERATURE 
RANGE 


PACKAGE 


ICL7136CJL 


0°C to +70''C 


40-Pin CERDiP 


ICL7136CDL 


0°C to +70X 


40-Pin Ceramic DIP 


ICL7136CM44 


OX to + 70°C 


44-Pin Surface Mount 


ICL7136CPL 


0°C to +70X 


40-Pin Plastic DIP 


ICL7136RCPL 


OX to +70X 


40-Pin Plastic DIP 


ICL7136EV/KIT 




EVALUATION KIT 




T!T" 



: o o tj? = i 



^Btiosc 1 

39 3 OSC 2 
38 D OSC 3 
37 D TEST 

36 ::i REr hi 

35 D REF LO 

34 D C^REF 

33 3C-REF 
32 HCOiMfMON 
31 Zi iN Hi 
30 D IN LO 
29 n'A'Z 
28 I] BUFF 
27 DINT 
26 DV 

25 3 G2 (TENS) 
24 DC3\-= 
23 DAaJg 
22 DGa)^ 
JlpBP 



W— 




CD01090I 

Figure 1: Pin Configurations 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltage (V+ to V") 15V 

Analog Input Voltage (either input)(Note 1)....V"^ to V~ 

Reference Input Voltage (either input) V"*" to V" 

Clock Input TEST to V*^ 



0) 



Power Dissipation (Note 2) 

Ceramic Package lOOOmW 

Plastic Package 800mW 

Operating Temperature O^'C to +70°C 

Storage Temperature -65°C to +150X 

Lead Temperature (Soldering, 10sec) 300°C 



Note 1: Input voltages may exceed the supply voltages, provided the input current is limited to llOOjuA. 
Note 2: Dissipation rating assumes device is mounted with all leads soldered to pnnted circuit board. 

Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to 
absolute maximum rating conditions for extended penods may affect device reliability. 



COMMON ^pi- 




Figure 2: Functional Diagram 



ELECTRICAL CHARACTERISTICS (Notes 3, 7) 



PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


Zero Input Reading 


V|N = O.OV 
Fuil-Scale = 200.0mV 


-000.0 


±000.0 


+ 000.0 


Digital Reading 


Ratiometric Reading 


V|N = Vrer VREF = 100mV 


999 


999/1000 


1000 


Digital Reading 


Roll-Over Error (Difference in 
reading for equal positive and 
negative reading near fuii-scale) 


-V|N= +V|N ~ 200.0mV 


-1 


±0.2 


+ 1 


Counts 


Lineanty (Max. deviation from 
best straight line fit) 


Full-scale = 200mV 
or Full-Scale = 2.000V 


-1 


±0.02 


+ 1 


Counts 


Common-Mode Rejection Ratio 
(Note 4) 


VcM = ±1V, V,N = OV 
Full-Scale = 200.0mV 




50 




mV/v 


Noise (Pk-Pk value not exceeded 
95% of time) 


V|N = OV. Full Scale = 200.0mV 




15 




mv 


Leakage Current @ Input 


V,N = OV 




1 


10 


pA 


Zero Reading Drift 


V|N = OV. OX < Ta < + 70°C 




0.2 


1 


mv/x 


Scale Factor Temperature 
Coefficient 


V|N == 199.0mV. OX < Ta < + 70X 
(Ext. Ref. Oppm/X) 




1 


5 


ppm/X 


Supply Current (Does not 
include COMMON current) 


V|N = OV (Note 6) 




70 


100 


fxA 
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ELECTRICAL CHARACTERISTICS (CONT.) 










PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


Analog COMMON Voltage (With 
respect to positive supply) 


250kn between Common and 
Positive Supply 


2.4 


2.8 


3.2 


V 


Temp. Coeff. of Analog COMMON 
(With respect to positive supply) 


250kr2 between Corrimon and 
Positive Supply 




150 




ppm/°C 


Pk-Pk Segment Dnve Voltage 
(Note 5) 


V"^ to V- =9V 


4 


5 


6 


V 


Pk-Pk Backplane Drive Voltage 
(Note 5) 


V+ to V-=9V 


4 


5 


6 


V 


Power Dissipation Capacitance 


vs Clock Frequency 




40 




pF 



NOTESj 3. Unless othen«^ise noted, specifications apply at Ta = 25°C, fdock = 1 6kHz and are tested in the circuit of Figure 3 

4. Refer to "Differential Input" discussion. 

5. Backplane drive is in phase with segment drive for "off" segment, 180° out of phase for "on" segment. Frequency is 20 times 
conversion rate. Average DC component is less than 50mV 

6. 48kHz oscillator. Figure 4, increases current by 20/:xA (typ). 

7. Extra capacitance of CERDIP package changes oscillator resistor value to 470k^ or 150kl2 (1 reading/sec or 3 readings/sec) 



TEST CIRCUITS 




Figure 3: [CL7136 with Liquid Crystal Display 



S«tR*f =°1M0mV 



Siiii^^mnii i^lflfl^fflrg^_ 



INTERSIL ICU138 




Figure 4: 7136 Clock Frequency 16kHz 
(1 reading/sec) 
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Figure 5: Clock Frequency 48kHz 
(3 readings/sec) 



DETAILED DESCRIPTION 
(Analog Section) 

Figure 1 shows the Functional Diagram of the Analog 
Section for the ICL7136. Each measurement cycle is 
divided into four phases. They are 1) auto-zero (A-Z), 2) 
signal integrate (INT), 3) de-integrate (DE) and 4) zero 
integrator (Zl). 
AUTO-ZERO PHASE 

During auto-zero three things happen. First, input high 
and low are disconnected from the pins and internally 
shorted to analog COMMON. Second, the reference capac- 
itor is charged to the reference voltage. Third, a feedback 
loop is closed around the system to charge the auto-zero 
capacitor, Caz. to compensate for offset voltages in the 
buffer amplifier, integrator, and comparator. Since the 
comparator is included in the loop, the A-Z accuracy is 
limited only by the noise of the system. In any case, the 
offset referred to the input is less than lO/uV. 
SIGNAL INTEGRATE PHASE 

During signal integrate, the auto-zero loop is opened, the 
internal short is removed, and the internal input high and 
low are connected to the external pins. The converter then 
integrates the differential voltage between IN HI and IN LO 
for a fixed time. This differential voltage can be within a wide 
common-mode range; within 1V of either supply. If, on the 
other hand, the input signal has no return with respect to 
the converter power supply, IN LO can be tied to analog 
COMMON to establish the correct common-mode voltage. 
At the end of this phase, the polarity of the integrated signal 
is determined. 
DE-INTEGRATE PHASE 

The next phase is de-integrate, or reference integrate. 
Input low is internally connected to analog COMMON and 
input high is connected across the previously charged 
reference capacitor. Circuitry within the chip ensures that 



the capacitor will be connected with the correct polarity to 
cause the integrator output to return to zero. The time 
required for the output to return to zero is proportional to the 
input signal. Specifically, the digital reading displayed is 
1000 (Vin/Vref). 
ZERO INTEGRATOR PHASE 

The final phase is zero integrator. First, input low is 
shorted to analog COMMON. Second, the reference capac- 
itor is charged to the reference voltage. Finally, a feedback 
loop is closed around the system to input high to cause the 
integrator output to return to zero. Under normal conditions, 
this phase lasts for between 11 to 140 clock pulses, but 
after a "heavy" overrange conversion, it is extended to 740 
clock pulses. 

Differential Input 

The input can accept differential voltages anywhere 
within the common-mode range of the input amplifier; or 
specifically from 0.5V below the positive supply to 1.0V 
above the negative supply. In this range the system has a 
CMRR of 86dB typical. However, since the integrator also 
swings with the common-mode voltage, care must be 
exercised to assure the integrator output does not saturate. 
A worst case condition would be a large positive common- 
mode voltage with a near full-scale negative differential 
input voltage. The negative Input signal drives the integrator 
positive when most of its swing has been used up by the 
positive common-mode voltage. For these critical applica- 
tions the integrator swing can be reduced to less than the 
recommended 2V full-scale swing with little loss of accura- 
cy. The integrator output can swing within 0.3V of either 
supply without loss of linearity. 

Differential Reference 

The reference voltage can be generated anywhere within 
the power supply voltage of the converter. The main source 
of common-mode error is a roll-over voltage caused by the 
reference capacitance losing or gaining charge to stray 
capacity on its nodes. If there is a large common-mode 
voltage, the reference capacitor can gain charge (increase 
voltage) when called up to de-Integrate a positive signal but 
lose charge (decrease voltage) when called up to de- 
integrate a negative input signal. This difference in refer- 
ence for ( -H ) or ( - ) input voltage will give a roll-over error. 
However, by selecting the reference capacitor large enough 
in comparison to the stray capacitance, this error can be 
held to less than 0.5 count for the worst case condition (see 
Component Values Selection). 

Analog Common 

This pin is included primarily to set the common-mode 
voltage for battery operation or for any system where the 
input signals are floating with respect to the power supply. 
The COMMON pin sets a voltage that is approximately 3.0V 
more negative than the positive supply. This Is selected to 
give a minimum end-of-life battery voltage of about 6V. 
However, analog COMMON has some of the attributes of a 
reference voltage. When the total supply voltage is large 
enough to cause the zener to regulate ( > 7V), the COM- 
MON voltage will have a low voltage coefficient 
(0.001 %/%), low output impedance (~35^), and a temper- 
ature coefficient typically less than 80ppm/°C. 



0) 
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Figure 6: 


Using an External Reference 


DS01460I 



The limitations of the on-chip reference should also be 
recognized, however. The reference temperature coeffi- 
cient (TC) can cause some degradation in performance. 
Temperature changes of 2°C to S^'C, typical for instruments, 
can give a scale factor error of a count or more. Also, the 
COMMON voltage will have a poor voltage coefficient when 
the total supply voltage is less than that which will cause the 
zener to regulate ( < 7V). These problems are eliminated if 
an external reference is used, as shown in Figure 6. 

Analog COMMON is also used as the input low return 
during auto-zero and de-integrate. If IN LO is different from 
analog COMMON, a common-mode voltage exists in the 
system and is taken care of by the excellent CMRR of the 
converter. However, in some applications IN LO will be set 
at a fixed known voltage (power supply common, for 
instance). In this application, analog COMMON should be 
tied to the same point, thus removing the common-mode 
voltage from the converter. The same holds true for the 
reference voltage. If the reference can be conveniently 
referred to analog COMMON, it should be since this 
removes the common-mode voltage from the reference 
system. 

Within the IC, analog COMMON is tied to an N channel 
FET which can sink 3mA or more of current to hold the 
voltage 3.0V below the positive supply (when a load is trying 
to pull the common line positive). However, there is only 
1 jLtA of source current, so COMMON may easily be tied to a 
more negative voltage, thus overriding the internal refer- 
ence. . 
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Figure 7: Simple inverter for Fixed 
Decimal Point 



TEST 

The TEST pin serves two functions. It is coupled to the 
internally generated digital supply through a 50012 resistor. 
Thus, it can be used as the negative supply for external 
segment drivers such as for decimal points or any other 
presentation the user may want to include on the LCD 
display. Figures 7 and 8 show such an application. No more 
than a 1mA load should be applied. 

The second function is a "lamp test." When TEST is 
pulled high (to V"'") all segments will be turned on and the 
display should read -1888. The TEST pin will sink about 
10mA under these conditions. 

Caution: In the lamp test mode, the segments have a 
constant DC voltage (no square-wave). This may burn 
the LCD display if maintained for extended periods. 
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Figure 8: Exclusive "OR" Gate for 
Decimal Point Drive 



DETAILED DESCRIPTION 
(Digital Section) 

Figure 9 shows the digital section for the 7136. An 
internal digital ground is generated from a 6V Zener diode 
and a large P channel source follower. This supply is made 
stiff to absorb the relatively large capacitive currents when 
the backplane (BP) voltage is switched. The BP frequency 
is the clock frequency divided by 800. For three readings/ 
second this is a GOh'z square-wave with a norninal ampli- 
tude of 5V. The segments are driven at the same frequency 
and amplitude and are in phase with BP when OFF, but out 
of phase when ON. in all cases negligible DC voltage exists 
across the segments. The polarity indication is "ON" for 
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negative analog inputs. If IN LO and IN HI are reversed, this 
indication can be reversed also, if desired. 
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Figure 9: Digital Section 




Figure 10: Clock Circuits 



System Timing 

Figure 10 shows the clock oscillator provided in the 7136. 
Three basic clocking arrangements can be used: 

1 . An external oscillator cohnected to pin 40. 

2. A crystal between pins 39 and 40. 

3. An RC oscillator using all three pins= 

The oscillator frequency is divided by four before it clocks 
the decade counters. It is then further divided to form the 
four convert-cycle phases. These are signal integrate (1000 
counts), reference deTintegrate (0 counts to 2000 counts), 
zero integrator (11 counts to 140 counts*) and auto-zero 
(910 counts to 2900 counts). For signals less than full- 
scale, auto-zero gets the unused portion of reference de- 
integrate and zero integrator. This makes a complete 
measure cycle of 4000 (16,000 clock pulses) independent 

*After an overranged conversion of more than 2060 counts, the zero integrator phase wiil last 740 cqunts, and auto-zero will last 260 counts. 
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jl of input voltage. For three readings/second, an oscillator 

H frequency of 48kHz would be used. 

To achieve maximum rejection of 60Hz pickup, the signal 
integrate cycle should be a multiple of the 60Hz period. 
Oscillator frequencies of 60kHz, 48kHz, 40kHz, 33 /SkHz, 
etc. should be selected. For 50Hz rejection, oscillator 
frequencies of 66^3kHz, 50kHz, 40kHz, etc. would be 
suitable. Note that 40kHz (2.5 readings/second) will reject 
both 50Hz and 60Hz (also 400Hz and 440Hz). See also 
A052. 

COMPONENT VALUE SELECTION 

(See also A052) 

Integrating Resistor 

Both the buffer amplifier and the integrator have a class A 
output stage with 6/liA of quiescent current. They can supply 
M/uA of drive current with negligible non-linearity. The 
integrating resistor should be large enough to remain in this 
very linear region over the input voltage range, but small 
enough that undue leakage requirements are not placed on 
the PC board. For 2V full-scale, 1.8Mr2 Is near optimum, 
and similarly 180kl2 for a 200.0mV scale. 

Integrating Capacitor 

The integrating capacitor should be selected to give the 
maximum voltage swing that ensures tolerance build-up will 
not saturate the Integrator swing (approx. 0.3V from either 
supply). When the analog COMMON is used as a reference, 
a nominal ±2V full-scale integrator swing is fine. For three 
readings/second (48kHz clock) nominal values for C|nt are 
0.047iuF, for 1 reading/second (16kHz) 0.15iuF. Of course, 
if different oscillator frequencies are used, these values 
should be changed in inverse proportion to maintain the 
same output swing. ^ 

The integrating capacitor should have low dielectric 
absorption to prevent roll-over errors. While other types 
may be adequate for this application, polypropylene capaci- 
tors give undetectable errors at reasonable cost. 

Auto-Zero Capacitor 

The size of the auto-zero capacitor has some influence 
on the noise of the system. For 200mV full-scale where 
noise is very important, a 0.47/uF capacitor is recom- 
mended. The Zl phase allows a large auto-zero capacitor to 
be used without causing the hysteresis or overrange 
hangover problems that can occur with the'ICL7126 or 
ICL7106 (see A032). 

Reference Capacitor 

A 0.1 mF capacitor gives good results In most applica- 
tions. However, where a large common-mode voltage exists 
(i.e., the REF LO pin is not at analog COMMON) and a 
200mV scale is used, a larger value is required to prevent 
roll-over error. Generally, 1 .OptF will hold the roll-over error 
to 0.5 count in this Instance. 

Oscillator Components 

For all ranges of frequency a 5ppF capacitor is recom- 
mended and the resistor is selected from the approximate 
equation f~0.45/RC. For 48kHz clock (3 readings/second), 
R - 180ki7, for 16kHz, R ^ 560kl2. 

Reference Voltage 

The analog input required to generate full-scale output 
(2000 counts) is V|n = 2Vref- Thus, for the 200.0mV and 
2.000V scale, Vref should equal lOO.OmV and 1.000V, 



respectively. However, In many applications where the A/D 
is connected to a transducer, there will exist a scale factor 
other than unity between the input voltage and the digital 
reading. For instance, in a weighing system, the designer 
might like to have a full-scale reading when the voltage from 
the transducer is 0.682V. Instead of dividing the input down 
to 200.0mV, the designer should use the input voltage 
directly and select Vref == 0.341V. A suitable value for the 
integrating resistor would be 330k^. This makes the system 
slightly quieter and also avoids the necessity of a divider 
network on the input. Another advantage of this system 
occurs when a digital reading of zero is desired for V|n ¥= 0. 
Temperature and weighing systems with a variable tare are 
examples. This offset reading can be conveniently generat- 
ed by connecting the voltage transducer between IN HI and 
COMMON and the variable (or fixed) offset voltage be- 
tween COMMON and IN LO. 

TYPICAL APPLICATIONS 

The 71 36 may be used in a wide variety of configurations. 
The circuits which follow show some of the possibilities, and 
serve to illustrate the exceptional versatility of these A/D 
converters. 




Figure 11: 7136 Using the Internal 
Reference 

Values shown are for 200.0mV full-scale, 3 
readings/sec, floating supply voltage (9V 
battery). 



6-138 
Note: All typical values have been guaranteed by characterization and are not tested. 



ICL7136 




- TO BACKPLANE 



Figure 12: 7136 with an External 
Band-Gap Reference (1.2V Type) 

IN LO is tied to COMMON, thus establishing 
the correct common-mode voltage. 
COMMON acts as a pre-regulator for the 
reference. Values shown are for 1 reading/ 
sec. 




TO BACKPLANE 



Figure 14: 7136 with Zener Diode 
Reference 

Since low TC zeners have breakdown 
voltages ^.8V, diode must be placed across 
the total supply (10V). As in the case of 
Figure 13, IN LO may be tied to COMMON. 
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Figure 13: Recommended Component 

Values for 2.000V Full-Scale, 

3 Readings/Sec 

For 1 reading/sec, change C|nt> Flosc ^o 
values of Figure 12. 




TO BACKPLANE 



Figure 15: 7136 Operated from 
Single +5V Supply 

An external reference must be used In this 
application, since the voltage between V^ 
and V" is insufficient for correct operation 
of the internal reference. 



*Values depend on clock frequency. See Figures 11, 12, 13. 
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Figure 16: 7136 Measuring Ratiometric Values of Quad Load Cel! 
TKe resistor values within the bridge are determined by the desired sensitivity. 




Silicon NPN 
IMPS 3704 or 
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Figure 17: 7136 used as a Digital Centigrade Thermometer 

A silicon diode-connected transistor has a temperature coefficient of about "2mV/''C. Calibration is 
achieved by placing the sensing transistor in ice water and adjusting the zeroing potentiometer for 
a 000.0 reading. The sensor should then be placed in boiling water and the scale-factor 
potentiometer al:ljusted for a 100.0 reading. See ICL8073/4 and AD590 data sheets for alternative 
circuits. 
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Figure 18: Circuit for Developing Underrange and Overrange Signals from 7136 Outputs 
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Figure 19: AC to DC Converter witri 7136 
Test is used as a common-mode reference level to ensure compatibility with most op amps. 



APPLICATION NOTES 

A016 "Selecting A/ D Converters," by David Fullagar. 
A017 "The Integrating A/D Converter," by Lee Evans. 
A018 "Do's and Dont's of Applying A/D Converters," by 

Peter Bradshaw and Skip Osgood. 
A019 "4V2-Digit Panel Meter Demonstrator/ 

Instrumentation Boards," by Michael Dufort. 
A023 "Low Cost Digital Panel Meter Designs," by David 

Fullagar and Michael Dufort. 
A032 "Understanding the Auto-Zero and Common-Mode 

Behavior of the ICL71 06/7/9 Family," by Peter 

Bradshaw. 
A046 "Building a Battery-Operated Auto Ranging DVM 

with the ICL7106," by Larry Goff. 
A047 "Games People Play with Intersil's A/D 

Converters," edited by Peter Bradshaw. 



A052 "Tips for Using Single-Chip 3V2-Digit A/D 
Converters," by Dan Watson. 

7136 EVALUATION KIT 

After purchasing a sample of the 7136, the majority of 
users will want to build a simple voltmeter. The parts can 
then be evaluated against the data sheet specifications, 
and tried out in the intended application. 

To facilitate evaluation of this unique circuit, Intersil Is 
offering a kit which contains all the necessary components 
to build a sVa-digjt panel meter. With the ICL7136EV/Kit 
and the small number of additional components required, 
an engineer or technician can have the system "up and 
running" in about half an hour. The kit contains a circuit 
board, a display (LCD), passive components, and miscella- 
neous hardware. 
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GENERAL DESCRIPTION 

The Intersil ICL7137 is a high performance, very low 
power sVa-digit A/D converter. All the necessary active 
devices are contained on a single CMOS IC, including 
seven-segnnent decoders, display drivers, reference, and 
clock. The 7137 is designed to Interface with a light emitting 
diode (LED) display. The supply current (exclusive of 
display) is under 200iuA, ideally suited for battery operation. 

The 7137 brings together an unprecedented combination 
of high accuracy, versatility, and true economy. The device 
features auto-zero to less than 10/uV, zero drift of less th&n 
IjLiV/^C, Input bias current of lOpA max., and rollover error 
of less than one count. The versatility of true differential 
input and reference is useful in all systems, but gives the 
designer an uncommon advantage when measuring load 
cells, strain gauges and other bridge-type transducers. And 
finally the true economy of theJPL7137 allows a high 
performance panel meter to, be built with the addition of only 
10 passive components and a display. 

The ICL7137 Is an improved version of the ICL7107, 
eliminating the overrange hangover and hysteresis effects, 
and should be used in its place in all applications, changing 
only the passive component values. 

ORDERING INFORMATION* 



FEATURES 

• First-Reading Recovery From Overrange allows 
Immediate "OHMS" Measurement 

• Guaranteed Zero Reading for OV Input 

• True Polarity at Zero for Precise Null Detection 

• IpA Typical Input Current 

• True Differential Input and Reference 

• Direct LED Display Drive — No External 
Components Required 

• Pin Compatible With The ICL7107 

• Low Noise ~15iUVp-p Without Hysteresis or 
Overrange Hangover 

• On-Ctiip Clock and Reference 

• Improved Rejection of Voltage On COMMON Pin 

• No Additional Active Circuits Required 

• Evaluation Kit Available ICL7137EV/Kit 



PART NUMBER 


TEMPERATURE RANGE 


PACKAGE 


ICL7137CJL 


OX to +70'*C 


CERDIP 


ICL7137CDL 


0°C to +70X 


40-Pin Ceramic 


ICL7137CPL 


O'C to +70X 


" 40-Pin Plastic 


ICL7137RCPL 


OX to +70X 


40-Pin Plastic 


ICL7137EV/KIT 




EVALUATION KIT 




Die 2 
C1C 

B1C 4 

A1C 

F1CI|6 

G1C 

EICl'-B 



I 63'C|16 
I F3C 17 



(1000) AB4C 

pOL fiao 

(MINUS) ^'^ 



TT- 



TBbosci 

39 3 OSC 2 
38 3 OSC 3 
37 DTEST 
36 D REF Hi 
35 3 REF LO 
34DC*„EP . 
33DC-hEF 
32 U COMMON 
31 H IN HI 
30 3 IN LO 
29 3 AZ 
28 3 BUFF 
27 3 INT 

26 :3V- 

25 3 G? (TENS) 

24 3 Ci 1 1: ; 



Figure 1: Functional Diagram 



Figure 2: Pin Configuration* 
(Outline dwgs PL, JL, DL) 
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ICL7137 



ABSOLUTE MAXIMUM RATINGS 

Supply Voltage V"*" +6V 

V" -9V 

Analog Input Voltage (either input)(Note 1)....V"^ to V~ 

Reference Input Voltage (either input) V"*" to V~ 

Clock Input GND to V^ 



O 
r 

(«) 
•4 



Power Dissipation (Note 2) 

Ceramic Package 1 0OOmW 

Plastic Package 800mW 

Operating Temperature 0°C to + lO^'C 

Storage Temperature -65X to +150''C 

Lead Temperature (Soldenng, 10sec) 300*'C 



Note 1: Input voltages may exceed the supply voltages, provided the input current is limited to ±100/LtA. 

Note 2: Dissipation rating assumes device is mounted with all leads soldered to pnnted circuit board. 

Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device These are stress ratings only and functional 

operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to 

absolute maximum rating conditions for extended penods may affect device reliability 

ELECTRICAL CHARACTERISTICS (Note 3) 



PARAMETER 


TEST CONDITSONS 


MIN 


TYP 


MAX 


UNIT 


Zero Input Reading 


V|N = OV 
Full-Scale = 200 OmV 


-000 


±000 


+ 000 


Digital Reading 


Ratiometnc Reading 


V|N = Vref. VREF=100mV 


998 


999/1000 


1000 


Digital Reading 


Roll-Over Error (Difference in 
reading for equal positive and 
negative reading near full-scale) 


-V|N= +ViN ^ 200 OmV 


-1 


±02 


+ 1 


Counts 


Lineanty (Max. deviation from 
best straight line fit) 


Full-scale = 200mV 
or Full-Scale - 2:000V 


~1, 


±0 02 


+ 1 


Counts 


Common-Mode Rejection Ratio 
(Note 4) 


VCM = ±1V. V|N-OV 
Full-Scale = 200 OmV 




30 




mv/v 


Noise (Pk-Pk value not exceeded 
95% of time) 


V|N = OV, Full-Scale = 200 OmV 




15 




nv 


Leakage Current @ input 


V|N = OV 




1 


10 


pA 


Zero Reading Dnft 


V|N = OV, OX < Ta < + 70X 




02 


1 


nvrc 


Scale Factor Temperature 
Coefficient 


V|N = 199.0mV, 0°C < Ta < + 70°C 
(Ext Ref Oppm/°C) 




1 


5 


ppm/^C 


V"*" Supply Current (Does not 
Include LED current) 


ViN = OV (Note 5) 




70 


200 


mA 


V" Supply current 






40 




Analog COMMON Voltage (With 
respect to positive supply) 


250k^ between Common and 
Positive Supply 


2.4 


2.8 


3.2 


V 


Temp. Coeff. of Analog COMMON 
(With respect to positive supply) 


250kO between Common and 
Positive Supply 




150 




ppm/°C 


Segment Sinking Current 
(Except Pins 19 & 20) 
(Pin 19 only) 
(Pin 20 only) 


V "^ = 5.0V 

Segment Voltage = 3V 


5 

10 
4 


8.0 

16 
7 




mA 


Power Dissipation Capacitance 


vs. Clock Frequency 




40 




pF 



NOTES: 3. Unless othen^^ise noted, specifications apply at Ta = 25°C, fciock = 16kHz and are tested in the circuit of Figure 4 

4. Refer to "Differentia! Input" discussion. 

5. 48kH2 oscillator. Figure 5, increases current by 35juA (typ). 

6. Extra capacitance of CERDIP package changes oscillator resistor value to 470kr2 or 150kr2 (1 reading/sec or 3 readings/sec) 
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Figure 3: ICL7137 with LED Display 



TEST CIRCUITS 




fin 1 [mil 1 1"^ 




ZToooY 



Figure 4: 7137 Clock Frequency 16kHz 
(1 reading/sec) 



HMHi^DIL 



$£TnElf=+ 100 OmV 




L 



INTERSIL 7137 




JOOOi 

I t I. i\ 



Figure 5: Clock Frequency 48kHz 
(3 readings/sec) 



DETAILED DESCRIPTION 
(Analog Section) 

Figure 1 shows the Functional Diagram of the Analog 
Section for the ICL7137. Each measurement cycle is 
divided into four phases. They are 1) auto-zero (A-Z), 2) 
signal integrate (INT), 3) de-integrate (DE) and 4) zero- 
integrator (Zl). 
AUTO-ZERO PHASE 

During auto-zero three things happen. First, input high 
and low are disconnected from the pins and internally 
shorted to analog COMMON. Second, the reference capac- 
itor Is charged to the reference voltage. Third, a feedback 
loop is closed around the system to. charge the auto-zero 
capacitor, Caz. to compensate for offset voltages in the 
buffer amplifier, integrator, and comparator. Since the 
comparator is included in the loop, the A-Z accuracy is 
limited only by the noise of the system. In any case, the 
offset referred to the input is less than lO/xV. 
SIGNAL INTEGRATE PHASE 

During signal integrate, the auto-zero loop is opened, the 
internal short is removed, and the internal input high and 
low are connected to the external pins. The converter then 
integrates the differential voltage between IN HI and IN LO 
for a fixed time. This differential voltage can be within a wide 
common-mode range; within 1V of either supply. If, on the 
other hand, the input signal has no return with respect to 
the converter power supply, IN LO can be tied to analog 
COMMON to establish the correct common-mode voltage. 
At the end of this phase, the polarity of the integrated signal 
is determined. 
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DE-INTEGRATE PHASE 

The next phase is de-integrate, or reference integrate, 
input low is internally connected to analog COMMON and 
input high is connected across the previously charged 
reference capacitor. Circuitry within the chip ensures that 
the capacitor will be connected with the correct polarity to 
cause the integrator output to return to zero. The time 
required for the output to return to zero is proportional to the 
input signal. Specifically; the digital reading displayed is 
1000(V|n/Vref). 
ZERO INTEGRATOR PHASE 

The final phase is zero integrator. First, input low Is 
shorted to analog COMMON. Second, the reference capac- 
itor is charged to the reference voltage. Finally, a feedback 
loop is closed around the system to input high to cause the 
integrator output to return to zero. Under normal conditions, 
this phase lasts for between 11 to 140 clock pulses, but 
after a "heavy" overrange conversion, it is extended to 740 
clock pulses. 

Differential Input 

The input can accept differential voltages anywhere 
within the common-mode range of the input amplifier; or 
specifically from 0.5V below the positive supply to 1.0V 
above the negative supply. In this range the system has a 
CMRR of 90dB typical. However, since the integrator also 
swings with the common-mode voltage, care must be 
exercised to assure the integrator output does not saturate. 
A worst case condition would be a large positive common- 
mode voltage with a near full-scale negative differential 
input voltage. The negative input signal drives the integrator 
positive when most of its swing has been used up by the 
positive common-mode voltage. For these critical applica- 
tions the integrator swing can be reduced to less than the 
recommended 2V full-scale swing with little loss of accura- 
cy. The integrator output can swing within 0.3V of either 
supply without loss of linearity. 

Differential Reference 

The reference voltage can be generated anywhere within 
the power supply voltage of the converter. The main source 
of common-mode error is a roll-over voltage caused by the 
reference capacitance losing or gaining charge to stray 
capacity on its nodes. If there is a large common-mode 
voltage, the reference capacitor can gain charge (increase 
voltage) when called up to de-integrate a positive signal but 
lose charge (decrease voltage) when called up to de- 
integrate a negative input signal. This difference In refer- 
ence for ( + ) or ( - ) input voltage will give a roll-over error. 
However, by selecting the reference capacitor large enough 
in comparison to the stray capacitance, this error can be 
held to less than 0.5 count for the worst case condition (see 
Component Value Selection). 

Analog Common 

This pin is included primarily to set the common-mode 
voltage for battery operation or for any system where the 
input signals are floating with respect to the power supply. 
The COMMON pin sets a voltage that is approximately 3.0V 
more negative than the positive supply. This is selected to 
give a minimum end-of-life battery voltage of about 6V. 



However, analog COMMON has some of the attributes of a 
reference voltage. When the total supply voltage is large 
enough to cause the zener to regulate ( > 7V), the COM- 
MON voltage will have a low voltage coefficient 
(0.001 %/%), low output impedance(~35^), and a temper- 
ature coefficient typically less than 150ppm/°C. 

The limitations of the on-chip reference should also be 
recognized, however. The reference temperature coeffi- 
cient (TC) can cause some degradation in performance. 
Temperature changes of 2°C to S^C, typical for instruments, 
can give a scale factor error of a count or more. Also, the 
COMMON voltage will have a poor voltage coefficient when 
the total supply voltage is less than that which will cause the 
zener to regulate ( < 7V). These problems are eliminated if 
an external reference is used, as shown in Figure 6. 



REF 
Hi 



REFLO 
ICL7137 



' 6.8 VOLT 
ZENER 



REFLO 
COMMON 



1.2 VOLT 
REFERENCE 
(INTERSIL 
ICL8069) 



(a) 



(b) 



Figure 6: Using an External Reference 



O 
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Analog COMMON Is also used as the input low return 
during auto-zero and de-integrate. If IN LO is different from 
analog COMMON, a common-mode voltage exists in the 
system and is taken care of by the excellent CMRR of the 
converter. However, in some applications IN LO will be set 
at a fixed known voltage (power supply common for 
instance). In this application, analog COMMON should be 
tied to the same point, thus removing the common-mode 
voltage from the converter. The same holds true for the 
reference voltage. If the reference can be conveniently 
referred to analog COMMON, it should be since this 
removes the common-mode voltage from the reference 
system. 

Within the IC, analog COMMON is tied to an N channel 
FET which can sink lOOjuA or more of current to hold the 
voltage 3.0V-below the positive supply (when a load is trying 
to pull the common line positive). However, there is only 
1 /uA of source current, so COMMON may easily be tied to a 
more negative voltage, thus overriding the internal refer- 
ence. 

TEST 

The TEST pin is coupled to the internal digital supply 
through a 500^2 resistor, and functions as a "iamp test." 
When TEST is pulled high (to V"^) all segments will be 
turned on and the display should read™ 1888. The TEST 
pin will sink about 10mA under these conditions. 
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DISPLAY FONT 
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"Three inverters. o*ci 

One Inverter shown for clarity. 




To Switch Ortv«rs 
^y From Comparator Output 



-^TEST 



^22\ OSGITAJ. 
GROUND 



Figure 7: Digital Section 




Figure 8: Display Buffering for 
Increased Drive Current 



System Timing 

Figure 9 shows the clock oscillator provided in the 7137. 
Three basic clocking arrangements can be used: 

1. An externa! oscillator connected to pin 40. 

2. A crystal between pins 39 and 40. 

3. An RC oscillator using all three pins. 



DETAILED DESCRIPTION 
(Digital Section) 

Figure 7 shows the digital section for the 7137. The 
segments are driven at 8mA, suitable for instrument size 
common anode LED displays. Since the 1000 output (pin 
19) must sink current from two LED segments, it has twice 
the drive capability or 16mA. The polarity indication is "ON" 
for negative analog inputs. If IN LO and IN HI are reversed, 
this indication can be reversed also, if desired. 

Figure 8 shows a method of increasing the output drive 
current, using four DM7407 Hex Buffers. Each buffer is 
capable of sinking 40mA. 




Figure 9: Clock Circuits 



The osciiiaior frequency is divided by four beiore it clocks 
the decade counters. It Is then further divided to form the 
four convert-cycle phases. These are signal integrate (1000 
counts), reference de-integrate (0 counts to 2000 counts), 
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Oscillator Components 

For all ranges of frequency a 50pF capacitor is recom- 
mended and the resistor is selected from the approximate 
equation f c^ 0.45/RC. For 48kHz clock (3 readings/ 
second), R = 180kl2, while for 16kHz (1 reading/sec), 
R = 560kl2. 



zero integrator (11 counts to 140 counts*) and auto-zero 
(910 counts to 2900 counts). For signals less than full- 
scale, auto-zero gets the unused portion of reference de- 
integrate and zero integrator. This makes a complete 
measure cycle of 4000 (16,000 clock pulses) Independerit 
of input voltage. For three readings/second, an oscillator 
frequency of 48kHz would be used. 

To achieve maximum rejection of 60Hz pickup, the signal 
integrate cycle should be a multiple of the 60Hz period. 
Oscillator frequencies of 60kHz, 48kHz, 40kHz, 33 '/3kHz, 
etc. should be selected. For 50Hz rejection, oscillator 
frequencies of 66^3kHz, 50kHz, 40kHz, etc. would be 
Suitable. Note that 40kHz (2.5 readings/second) will reject 
both 50Hz and 60Hz (also 400Hz and 440Hz.) See also 
A052. 

*After an overranged conversion of more than 2060 counts, the zero 
integrator phase will last 740 counts, and auto-zero will last 260 counts. 

COMPONENT VALUE SELECTION 

(See Application Note A052) 

Integrating Resistor 

Both the buffer amplifier and the integrator have a class A 
output stage with 6jliA of quiescent current. They can supply 
~1jLiA of drive current with negligible non-linearity. The 
integrating resistor should be large enough to remain in this 
very linear region over the input voltage range, but small 
enough that undue leakage requirements are not placed on 
the PC board. For 2V full-scale, 1.8M^ is near optimum, 
and similarly 180k^ for a 200.0m V scale. 

Integrating Capacitor 

The integrating capacitor should be selected to give the 
maximum voltage swing that ensures tolerance build-up will 
not saturate the integrator swing (approx. 0.3V from either 
supply). When the analog COMMON is used as a reference, 
a nominal ±2V full-scale integrator swing is fine. For three 
readings/second (48kHz clock) nominal values for Cjimt are 
0.047juF, for 1 reading/second (16kHz) 0.15jliF. Of course, 
if different oscillator frequencies are used, these values 
should be changed in inverse proportion to maintain the 
same output swing. 

The Integrating capacitor should have low dielectric 
absorption to prevent roll-over errors. While other types 
may be adequate for this application, polypropylene capaci- 
tors give undetectable errors at reasonable cost. 

Auto-Zero Capacitor 

The si2e of the auto-zero capacitor has some influence 
on the noise of the system. For 200mV full-scale where 
noise is very important, a 0.47//F capacitor is recom- 
mended. The Zl phase allows a large auto-zero capacitor to 
be used without causing the hysteresis or overrange 
hangover problems that can occur with the ICL7107 or 
ICL7117 (See Application Note A032). 

Reference Capacitor 

A 0.1 juF capacitor gives good results in most applica- 
tions. However, where a large common-mode voltage exists 
(i.e., the REF LO pin is not at analog COMMON) and a 
200mV scale is used, a larger value is required to prevent 
roll-over error. Generally, 1 .OptF will hold the roll-over error 
to 0.5 count in this instance. 

*After an overranged conversion of more than 2060 counts, the zero intergrator phase will last 740 counts, and auto-zero will last 260 counts. 



Reference Voltage 

The analog input required to generate full-scale output 
(2000 counts) is: V|n = 2Vref- Thus, for the 200.0mV and 
2,000V scale, Vref should equal lOO.OmV and 1.000V, 
respectively. However, in many applications where the A/D 
is connected to a transducer, there will exist a scale factor 
other than unity between the input voltage and the digital 
reading. For instance. In a weighing system, the designer 
might like to have a full-scale reading when the voltage from 
the transducer is 0.682V. Instead of dividing the input down 
to 200.0mV, the designer should use the input voltage 
directly and select Vref = 0:341V. A suitable value for the 
integrating resistor would be 330kri. This makes the system 
slightly quieter and also avoids the necessity of a divider 
network on the input. Another advantage of this system 
occurs when a digital reading of zero is desired for V|n t^ 0. 
Temperature and weighing systems with a variable tare are 
examples. This offset reading can be conveniently generat- 
ed by connecting the voltage transducer between IN HI and 
COMMON and the variable (or fixed) offset voltage be- 
tween COMMON and IN LO. 

TYPICAL APPLICATIONS 

The 71 37 may be used in a wide variety of configurations. 
The circuits which follow show some of the possibilities, and 
serve to illustrate the exceptional versatility of these A/D 
converters. 
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Figure 10: 7137 Using the internal 
Reference. 

Values shown are for 200.0mV fuli-scaie, 3 
readings/sec. iN LO may be tied to either 
COyiyiON for inputs floating with respect to 
supplies, or GND for single ended inputs. 
(See discussion under Analog COMMON.) 




Figure 12: Recommended Component 

Values for 2.000V Full-Scale, 

3 Readings/Sec. 

For 1 reading/s^c, change Ciht> Rqsc to 
values of Figure 11. 




Figure 11: 7137 with an External Band- 
Gap Reference (1.2V Type). 

IN LO is tied to COMMON, thus establishing 
the correct common-mode voltage. 
COMMON acts as a pre-regulator for the 
reference. Values shown are for 1 reading/ 
sec. 
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Figure 13: 7137 with Zener Diode 
Reference. 

Since low TC zeners have breakdown 
voltages ^ 6.8V, diode must be placed 
across the total supply (10V)» As in the case 
of Figure 11, IN LO may be tied to COMMON. 
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Figure 14: 7137 Operated from Single 
+ 5V Supply. 

An external reference must be used in this 
application, since the voltage between V 
and V is insufficient for correct operation 
of the internal reference. 




Figure 15: Measuring Ratiometric Values 
of Quad Load Cell. 

The resistor values within the bridge are 
determined by the desired sensitivity. 
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Figure 16: Circuit for developing 

Underrange and Overrange signals 

from outputs. 

The LM339 is required to ensure logic 
compatibility with heavy display loading. 
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' (Vral lOOmV (or AC to RMS) 




lOOpF (lor optimum ixand width) 



Figure 17: AC to DC Converter with 7137 



APPLICATION NOTES 

A016 "Selecting A/D converters," by David Fullagar. 
A017 "The Integrating A/D Converter," by Lee Evans. 
A018 "Do's and Dont's of Applying A/D Converters," by 

Peter Bradshaw and Skip Osgood. 
A019 "4V2-Dlgit Panel Meter Demonstrator/ 

Instrumentation Boards," by Michael Dufort. 
A023 "Low Cost Digital Panel Meter Designs," by David 

Fullagar and Michael Dufort. 
A032 "Understanding the Auto-Zero and Common-Mode 

Behavior of the ICL7106/7/9 Family," by Peter 

Bradshaw. 
A046 "Building a Battery-Operated Auto Ranging DVM 

with the ICL7106," by Larry Goff. 
A047 "Games People Play with Intersil's A/D Converters" 

edited by Peter Bradshaw. 



A052 "Tips for Using Single-Chip sVa-Dlgit A/D 
Converters," by Dan Watson. 

ICL7137 EVALUATION KITS 

After purchasing a sample of the 7137, the majority of 
users will want to build a simple voltmeter. The parts can 
then be evaluated against the data sheet specifications, 
and tried out in the intended application. 

To facilitate evaluation of this unique circuit, Intersil is 
offering a kit which contains all the necessary components 
to build a sVa-digit panel meter. With the ICL7137EV/Kit, an 
engineer or technician can have the system "up and 
running" in about half an hour. The kit contains a circuit 
board, LED display, passive components, and miscella- 
neous hardware. 
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ICL8018A/8019A/8020A 

4-Bit Expandable Current-Switch 



GENERAL DESCRIPTION 

The Intersil ICL8018A family are high speed precision 
current switches for use in current summing digital-to- 
analog converters. They consist of four logically controlled 
current switches and a reference device on a single 
monolithic silicon chip. The reference transistor, combined 
with precision resistors and an external source, determines 
the magnitude of the currents to be summed. By weighting 
the currents in proportion to the binary bit which controls 
them, the total output current will be proportional to the 
binary number represented by the input logic levels. 

The performance and economy of this family make them 
ideal for use in digital-to-analog converters for industrial 
process control and instrumentation systems. 

ORDERING INFORMATION 






MILITARY 


COMMERCIAL 




TEMP RANGE 


TEMP RANGE 


ACCURACY 


CERDIP 


PLASTIC DIP 


Individual Devices 






.01% 


ICL8018AMJD 


ICL8018ACPD 


0.1% 


ICL8019AMJD 


ICL8019ACPD 


1.0% 


ICL8020AMJD 


ICL8020ACPD 


Matched Sets* 






.01% 


ICL8018AMXJD 


ICL8018ACXPD 


0.1% 


ICL8019AMXJD 


ICL8019ACXPD 


1.0% 


ICL8020AMXJD 


ICL8020ACXPD 



FEATURES 

• TTL Compatible 

• 12 Bit Accuracy 

• 40ns, Switching Speed 

• Wide Power Supply Range 

• Low Temperature Coefficient 

APPLICATIONS: 

• D/A and A/D Converters 

• Digital Threshold Control 

• Programmable Voltage Source 

• Meter Drive 

• X-Y Plotters 



*NOTE: Units ordered in equal quantities will be nrtatched such 
that the Vbe's of the 8019 will be within ±10mV of the 
8018 compensating transistor, and the Vbe's of the 
8020 will be within ±50mV. The ICL8018-X matched 
sets consist of one 8018, one 8019, and one 8020. The 
801 9-X contains one 8019 and one 8020, while the 
8020-X contains two 8020' s. Units shipped as matched 
sets will be marked with a unique set number. 
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Figure 1: Functional Diagram 



Figure 2: Pin Configuration 
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ICL8Q18A/8O19A/8Q20A 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage ±20V 

Logic Input Voltage -2V to V"*" 

Vbaseline V~ to +5V 

Output Voltage Vbaseline to +20V 

Storage Temperature r-65**C to +150X 

stresses above those listed under.Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings only, and functional 
operation of the device at these or any other conditions above those indicated in the operational sections Of the specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 

ELECTRICAL CHARACTERISTICS (4.5V<V+ <20V, V- = -15V, Ta = 25°C. voltage @ pin 6--5V) 



Operating Temperature ICL8018AM 

ICL8019/20AM......... -55°C to +125X 

ICL8018/19/20AC 0°C to +70**C 

Lead Temperature (Soldering, 10sec) 300°C 



PARAMETER 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


Absolute Error 
ICL8018A 
ICL8019A 
ICL8020A 


ViNHI = 5.0V 
V|NLO = 0.0V 






±.01 
±0.1 

±1 


% 


Error Temperature Coefficient 
ICL8018A 
ICL8019A 
ICL8020A 






±2 

±2 
±2 


±5 
±25 
±50 


ppm/°C 


Settling Tim© To ±1/2 LSB, RL==1kJ2 
8 BIT , 
12 BIT 






100 
200 




ns 


Switching Time To Turn On LSB 






40 




ns 


Output Current (Nominal) 
BIT 1 (MSB) 
BIT 2 
BITS 
BIT 4 (LSB) , 






1.0 

0.5 

0.25 

0.125 




mA 


Zero Output Current 


ViN = 5.0V 




10 


50 


nA 


Output Voltage Range 




Vbaseline +1V 




+ 10 


V 


Input Coding-Complementary Binary 
(See Truth Table) 
Logic Input Voltage 
"0" (Switch ON) 
"1" (Switch OFF) 


AlouT < 400nA 


2,0 




0.8 


V 


Logic Input Current 

"0" 

"1" (into device) 


V,N = OV 
V,N-5V 




-1.0 
0.01 


-2 
0.1 


mA 
iuA 


Power Supply Rejectioh 
V + 
V- ( 






.005 
.0005 




%/V 


Supply Voltage Range 
V + 

V- 




4.5 
-10 


5 
-15 


20 
-20 


V 


Supply Current (Vsupp = ,± 20V) 

1" 




'. ^ ■ 


7 
1 


10 
3 


mA 
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BASIC D/A THEORY 

The majority of digital to analog converters contain the 
elements shown in Figure 3. The heart of the D/A converter 
is the logic controlled switching network, whose output is an 
analog current or voltage proportional to the digital number 
on the logic inputs. The magnitude of the analog output is 
determined by the reference supply and the array of 
precision resistors, see Figure 4. If the switching network 
has a current output, often a transconductance amplifier i$ 
used to provide a voltage output. 
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DEFINITION OF TERMS 

The resolution of a D/A converter refers to the number 
of logic inputs used to control the analog output. For 
example, a D/A converter using two quad current sources 
would be an 8 bit converter. If three quads were used, a 12 
bit converter would be formed. Resolution is often stated in 
terms of one part In, e.g., 256 since the number of 
controlling bits is related to total number of identifiable 
levels by the power of 2. The four bit quad has sixteen 
different levels (3ee Table 1) each output corresponding to 
a particular logic input word. 

Table 1: ICL8018/19/20 Truth Table 





NOMINAL 




OUTPUT 


LOGIC INPUT 


CURRENT (mA) 





1.875 


1 


1.750 


10 


1.625 


11 


1.500 


10 


1.375 


10 1 


1.250 


110 


1.125 


111 


1.000 


10 


0.825 ' 


10 1 


0.750 


10 10 


0.625 


1 1 t 


0.500 


110 


0.375 


110 1 


0.250 


1110 


0.125 


1111 


0.000 



limiting value is called full scale output. The maximum 
output is always less than the full scale output by one least 
significant bit, LSB. For a twelve bit system (resolution 1 
part in 4096) with a full scale output of 10.0 volts the 
maximum output would be 4095/4096 x 10V. Since the 
numbers are extremely close for high resolution systems, 
the terms are often used interchangeably. 

The accuracy of a D/A converter is generally taken to 
mean the largest error of any output level from its nominal 
value. The accuracy or absolute error is often expressed 
as a percentage of the full scale output. 

Linearity relates the maximum error in terms of the 
deviation from the best straight line drawn through all the 
possible output levels. Linearity is related to accuracy by the 
scale factor and output offset. If the scale factor is exactly 
the nominal value and offset is adjusted to zero, then 
accuracy and linearity are identical. Linearity is usually 
specified as being within ± 1 /2 LSB of the best straight line. 

Another desirable property of D/A converter is that it be 
monotonic. This simply implies that each successive 
output level is greater than the preceding one. A possible 
worst case condition would be when the output changes 
from most significant bit (MSB) OFF, all other bits ON to the 
next level which has the MSB ON and all other bits OFF, 
e.g., 10000 ... to 01111. 

in applications where a quad current switch drives a 
transconductance amplifier (current to voltage converter), 
transient response is almost exclusively determined by the 
output amplifier itself. Where the quad output current drives 
a resistor to ground, switching time and settling time are 
useful parameters. 

Switching time is the familiar 10% to 90% rise time type 
of measurement. Low capacitance scope probes must be 
used to avoid masking the high speeds that current source 
switching affords. The settling time is the elapsed time 
between the application of a fast input pulse and the time at 
which the output voltage has settled to or approached its 
final value within a specified limit of accuracy. This limit of 
accuracy should be commensurate with the resolution of 
the DAG to be used. 

Typically, the settling time specification describes how 
soon after an input pulse the output can be relied upon as 
accurate to within ± 1 /2 LSB of an N bit converter. Since the 
801 8A family has been designed with all the collectors of 
the current switching transistors tied together, the oujlput 
capacitance is constant. The transient response is, there- 
fore, a simple exponential relationship, and from this the 
settling time can be calculated and related to the measured 
rise time as shown in Table 2. 

Table 2: Settling Time vs. Rise Time Resistor 
Load 



Note that maximum output of the quad switch is 1 + i / 
2 + 1/4 + 1/8 - 1-7/8 = 1.875 mA. If this series of bits 

were continued as 1/16 + 1/32 + 1/64 1/2^" "''^ 

the maximum output limit would approach 2.0 mA. This 



BITS OF 
RESOLUTION 


±1/2 LSB 
ERROR 
% FULL 
SCALE 


NUMBER OF 

TIME 
CONSTANTS 


NUMBER OF 
RISE TIMES 


8 
10 
12 


.2% 
.05% 
.01% 


6.2 
7.6 
9.2 


2.8 
3.4 
4.2 



o 

I 
I 

09 
O 



Rise Time (10% - 90%) = 2.2 Rl Ceff 
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ICL8018A/^019A/8020A 

DETAILED DESCRIPTION 

An example of a practical circuit for the )CL8pi8A quad 
current switch is shown in Figure 4. The circuit can be 
analyzed in two sections; the first gerjerates very accurate 
currents and the second causes these currents to be 
switched according to input logic signals. A reference 
current of 1 25iLiA is generated by a stable reference supply 
and a precision resistor. An op-amp with low offset voltage 
and low input bias current, such as the ICL8008, is used in 
conjunction with the internal reference transistor, Qq, to 
force the voltage on the common base line, so that the 
collector current pi Qe i3 equal to the reference current. The 
emitter current of Qe will be the sum of the reference 
current and a small base current causing a drop of slightly 
greater than 1 volts across the 80ki2 resistor in the emitter 
of Qe- Since this resistor is connected to - 1 5V, this puts the 
emitter of Qe at nearly -5V and the common base line at 
one Vbe ^ore positive at -4.35V typically. 

Also connected to the common base line are the 
switched current source transistors Q7 through Q10. The 
emitters of these transistors are also connected through 
weighted precision resistors to -15V and their collector 
currents summed at pin 8. SinCe all these transistors, Qe 
through Q10. are designed to have equal emitter-base 
voltages, it follows that all the emitter resistors will have 
equal voltage drops across them: It is this constant voltage 



and the precision resistors at the emitter that determine the 
exact value of switched output curi'ent. The ^nhitter resistor 
of Q7 is equal to that of Qe, therefore, Qy's collector current 
will be Iref or 1 25juA. Qe has 40kU in the, emitter so that its 
collector current. will be twice Iref or 250^iA. In the same 
way, the 20k^ and 10k^ in, the emitters of Qg and Q10 
contribute 0.5mA and 1mA to the total collector current. 

The reference transistor and fpur current switching tran- 
sistors are designed for equal emitter Current density by 
making the number of emitters proportional to the current 
switched. 

The remaining circuitry provides switching signals from 
the logic inputs. In the switch ON mode, zener diodes D5 
through Ds, connected to the emitter of each current switch 
transistor Q7 thru Q10. are reverse biased allowing the 
transistors to operate, producing precision currents 
summed In the collectors. The transistors are turned off by 
raising the voltage on the zeners high enough to turn on the 
zeners and raise the emitters of the switching transistor. 
This reverse biases the emitter base diode thereby shutting 
off that transistor's collector current. 

The analog output current can be used to drive one load 
directly, (1 kil to ground for FS = 1 .875V for example) or 
can be used to drive a transconductance amplifier to give 
larger output voltages. 



LOGIC INPUTS 





, ATTENUATED OUTPUT 
— CURRENT FROM 
OTHER QUADS 



rigure 4: lypicai uircuit 
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Figure 5: Expanding the Quad Switch 



EXPANDING THE QUAD SWITCH 

While there are few requirements for only 4 bit D to A 
converters, the 801 8A is readily expanded to 8 and 12 bits 
with the addition of other quads and resistor dividers as 
shown in Figure 5. 

To maintain the progression of binary weighted bit 
currents, the current output of the first quad drives the input 
of the transconductance amplifier directly, while a resistor 
divider network divides the output current of the second 
quad by 16 and the output current of the third by 256. 

e-g-. iTotai =^ 1 X (1 + V2 + V4 + h) + Vi6(i + h + \ + Va) 

+ V256(1 + V2 + V4 + Vs) 

= 1 + 72 + V4 + Vb + V16 + V32 + V64 + Vl28 

+ V256 + V512 + V1024 + V2048. 

Note that each current switch is operating at the same 
high speed current levels so that standard 10k, 20k, 40k 
and SOkil: resistor networks can be used. Another advan- 
tage of this technique is that since the current outputs of the 
second and third quad are attenuated, so are the errors 
they contribute. This allows the use of less accurate 
switches and resistor networks in these positions; hence, 
the three accuracy grades of .01 %, 0.1 %, and 1 % for the 
801 8A, 801 9A and 8020A, respectively. It should be noted 
that only the reference transistor on the most significant 
quad is required to set up the voltage on the common base 
line joining the three sets of switching transistors (Pin 9). 

GENERATING REFERENCE CURRENTS — 
ZENER REFERENCE 

As mentioned above, the 801 8A switches currents deter- 
mined by a constant voltage across the external precision 
resistors in the emitter of each switch. There are several 
ways of generating this constant voltage. One of the 
simplest is shown in Figure 6. Here an external zener diode 
is driven by the same current source line used to bias 
internal Zener Dn. 



BIT 4 BIT a BIT 2 BIT t 




DS01580I 

Figure 6: Simple Zener Reference 



The zener current will be typically 1 mA per quad. The 
compensation transistor Qg is connected as a diode in 
series with the external zener. The Vbe of this transistor will 
approximately match the Vbe's of the current switching 
transistors, thereby forcing the externa! zener voltage 
across each of the external resistors. The temperature 
coefficient of the external zener will dominate the tempera- 
ture dependence of this scheme, however using a tempera- 
ture compensated zener minimizes this problem. Since Qe 
is operating at a higher current density than the other 
switching transistors, the temperature matching of Vbe's is 
not optimurri, but should be adequate for a simple 8 or 1 bit 
converter. 
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ICL8018A/8019A/8020A 



BJT4 e«T3 BJT2 BIT 1 

94 93 02 







7iP^ 'jjj^DS '2^07 ']5J|[d8 'ion 
KO10 




Vot? 



□" 



?40k ?20k <10k 



Figure 7: PHP Reference 



The 801 8A series is tested for accuracy with 10V 
reference voltage across the precision resistors, implying 
use of a 10 volt zener. Using a different external zener 
voltage will only slightly degrade accuracy if the zener 
voltage is above 5 or 6 volts. 

When using other than 10 volt reference, the effects on 
logic thresholds should also be noted (see logic levels 
below). Full scale adjustment can be made at the output 
amplifier. 

PNP REFERENCE 

Another simple reference scheme is shown In Figure 7. 
Here an external PNP transistor is used to buffer a resistor 
divider. In this case, the -15 volt supply is used as a 
reference. Holding the V~ supply constant is not too difficult 
since the 801 8A is essentially a constant current load. In 
this scheme, the internal compensation transistor is not 
necessary, since the Vbe matching is provided by the 
emitter-base junction of the external transistor. A small pot 
in series with the divider facilitates full scale output adjust- 
ment. A capacitor from base to collector of the external 
PNP will lower output impedance and minimise transient 
effects. 

FULL COMPENSATION REFERENCE 

For high accuracy, low drift applications, the reference 
scheme of Figure 4, offers excellent performance. In this 
circuit, a high gain op-amp compares two currents. The first 
is a reference current generated in Rs by the temperature 
compensated zener and the virtual ground at the non- 
inverting op-amp input. The second is the collector current 
of the reference transistor Qq, provided on the quad switch. 
The output of the op-amp drives the base of Qr keeping its 
collector current exactly equal to the reference current 
Since the switching transistor's emitter current densities are 
equal and since the precision resistors are proportional, all 
of the switched collector currents will have the proper value. 



The op-amp feedback loop using the internal reference 
transistor will maintain proper currents in spite of Vbe cirift, 
beta drift, resistor drift and changes in V~. Using this circuit, 
temperature drifts of 2 ppm/**C are typical. A discrete diode 
connected as shown will keep Qq from saturating and 
prevent latch up if V~ is disconnected. 

In any reference scheme, it is advisable to capacitively 
decouple the common base line to minimize transient 
effects. A capacitor, .001 /uF to .ljuF from Pin 9 to analog 
ground is usually sufficient. 

IMPROVED ACCURACY 

As a final note on the subject of setting up reference 
levels, it should be pointed out that the largest contributor of 
error is the mismatch of Vbe's of the current switching 
transistors. That is, if all the Vbe's were Identical, then all 
precision resistors would have exactly the same reference 
voltage across them. A one millivolt mismatch compared 
with teh volt reference across the precision resistors will 
cau^e a .01 % error. While decreasing the reference voltage 
will decrease the accuracy, the voltage can be increased to 
achieve better than .01 % accuracies. The voltage across 
the emitter resistors can be doubled or tripled with a 
proportional increase in resistor values resulting in im- 
proved absolute accuracy as well as improved temperature 
drift performance, this technique has been used success- 
fully to implement up to 16 bit D/A converters. 

For further information see the following Applications 
Bulletins. 

A016 "Selecting A/D Converters" by Dave Fuliagar. 
A018 "Do's and Don'ts of Applying A/D Converters" by 

Peter Bradshaw and Skip Osgood. 
A020 "A Cookbook Approach to High Speed Data 

Acquisition and Microprocessor Interfacing", by Ed 

Sliger. 
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ICL8052/ICL7104 

and ICL8068/ICL7104 

14/16-Bit MP-Compatible 
2-Chip A/D Converter 



GENERAL DESCRIPTION 

The ICL7104, combined with the ICL8052 or ICL8068, 
forms a member of Intersil's high performance A/D convert- 
er family. The ICL7104-16, performs the analog switching 
and digital function for a 16-bit binary A/D converter, with 
full three-state output, DART handshake capability, and 
other outputs for easy interlacing. The ICL7014-14 is a 
14-bit version. The analog section, as with all Intersil's 
integrating converters, provides fully precise Auto-Zero, 
Auto-Polarity (including ±0 null indication), single reference 
operation, very high input impedance, true input integration 
over a constant period for maximum EM! rejection, fully 
ratiometric operation, over-range indication, and a medium 
quality built-in reference. The chip pair also offers optional 
input buffer gain for high sensitivity applications, a built-in 
clock oscillator, and output signals for providing an external 
Auto-Zero capability in preconditioning circuitry, synchroniz- 
ing externa! multiplexers, etc. 

ORDERING INFORMATION 




FEATURES 

• 16/14 Bit Binary Three-State Latched Outputs 
Pius Poiarity and Overrange 

• Ideally Suited for interface to UARTs and 
Microprocessors 

• Conversion On Demand or Continuously 

• Guaranteed Zero Reading for Zero Volts Input 

• True Polarity at Zero Count for Precise Null 
Detection 

• Single Reference Voltage for True Ratiometric 
Operation 

• Onboard Clock and Reference 

• Auto-Zero; Auto-Polarity 

• Accuracy Guaranteed to 1 Count 

• All Outputs TTL Compatible 

• ±4V Analog Input Range 

• Status Signal Available for External Sync, A/Z iri 
Preamp, etc 



i 

10 



mm 



PART NUMBER 


TEMP. RANGE 


PACKAGE 


ICL8052CPD 


0°C to + 70°C 


14-Pin Plastic DIP 


ICL8052CDD 


OX to + 70°C 


14-PJn Ceramic DIP 


ICL8052ACPD 


OX to + 70X 


14-Pin Plastic DIP 


ICL8052ACDD 


OX to f 70X 


14-Pin Ceramic DIP 


ICL8068CJD 


OX to +70X 


14-Pin CERDIP 


ICL8068ACJD 


OX. to + 70X 


14-Pin CERDIP 



PART NUMBER 


TEMP. RANGE 


PACKAGE 


ICL7104-14CJL 


OX to -70X 


40-Pin CERDIP 


ICL7104-14CPL 


OX' to +70X 


40-Pin Plastic DIP 


ICL7104-14CDL 


OX to + 70X 


40-Pin Ceramic DIP 


ICL7104-16CJL 


OX to +70X 


40-Pin CERDIP 


ICL7104-16CPL 


OX to -t-70X 


4Q>Pin Plastic DIP 


ICL7104-16CDL 


OX to -H70X 


40-Pin Ceramic DIP 



+1fV -1»V 




1»V CLOCK CLOCK STT« 
(1) {«) 



Figure 1: ICL8052A (8068A)/ICL7104 16/14 Bit A/D Converter Functional Diagram 
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Z lCt.80$2/ieL7104 



^ ABSOLUTE MAXIMUM RATINGS 



S 



ICL7104 

V+ Supply (GND td V + ) ..........;...... 12V 

V++ to V" 32V 

Positive Supply Voltage (GND to V ++ ) 17V 

Negative Supply Voltage (GND to V-) ,.... 17V 

Analog Input Voltage (Pins 32-39) (4) V+ + to V- 

Digital Input Voltage 

(Pins 2-30) (5) (G,ND~0.3V) to (V++0.3V) 



Power Dissipation (1) All Devices SOOmW 

Storage Temperature -65°C to +150°C 

Operating Temperature 0°C to + 70°C 

Lead Temperature (Soldering, lOsec) SOOX 

ICL8052, 8068 

Supply Voltage... .±18V 

Differential Input Voltage (8068), ±30V 

(8052) ±6V 

Input Voltage (2) ±15V 

Output Short Circuit Duration, 

All Outputs (3)...,, Indefinite 

Notes: 

1: Dissipation rating assumes device is mounted with all leads welded or soldered to printed circuit board in ambient temperature below + 70°C. For higher 

temperatures, derate 10mW/°G. 
2: For supply voltages less than ±15V, the absolute maximuhd input voltage is equal to the supply voltage. 
3: Short circuit may be to ground or either supply. Rating applies to + 70°C ambient temperature. 
4: Input voltages may exceed the supply voltages provided the input current is limited to HOOjuA. 
5: Connecting any digital inputs or outputs to voltages greater than V+ or less than GND may cause destructive device latchup. For this reason it is 

recommended that no inputs from sources not on the same power supply be applied to the ICL7104 before its power supply is established. 
Stresses above those listed under "Absolute Maximum Ratings" may cause permahent damage to the devices. This is a stress rating only and functional 
operation of the devices- at these or any other conditions above those indicated in the operational sections of the specifications is not irtiplied. Exposure to 
absolute maximum rating conditions for extended penods may affect device reliability. 




v.. C t 

DIG GNO C a 

STTS C 3 

POL. C « 

O.R. C 8 

BIT 16 C « 

BIT 15 C J" 

BIT 14 C e 

BIT 13 C » 

BIT 12 C ^e 

BIT 11 C " 

BIT 10 C « 

BIT U£ n 

BIT 8 C w 

BIT 7 C 15 

BIT 6 C i« 

BIT 5 C ty 

BIT 4 C i» 

BIT 3 C i« 

BIT 2 C ao 



ICL7104 
-16 



V^ 

DIG GND C 

STTS C 

POL C 

O.R. C 

BIT 14 C 

BIT 13 C 

BIT 12 C 

BIT 11 C 

BIT 10 C 

BITS C 

N.C. C 

N.C. C 

BITS C 

BIT 7 C 

BIT 6 C 

BITS C 

BIT 4 C 

BITS C 

BIT2C 



• iCL7104 

10 -14 



» 3 V- 

» 3 COWP \H 

» 3 REFCAP 1 

37 3 VREF 

M 3 A2 

M 3 ANALOG GNO 

« 3 REFCAP 2 

33 3 BUF IN 

32 3 ANALOG l/P 

31 3 v+ 

30 3 glTLD 
» 3 SEN 
s» 2 R/H 
zr 3 MODE 
a» 3 CLOCK 2 
29 3 CLOCK 1 

,3 j I NOTE 

» 3 LBEN 
2< 3 BIT 1 



PIN 


-18 


-14 


24 


miu 


CLOCK 3 


23 


fim. 


HSiN 



CD01371I 



(OUTLINE DWGS BD, JD, PD) (OUTLINE DWGS DL, JL, PL) 

Figure 2: Pin Configurations 



ICL7104 ELECTRICAL CHARACTERISTICS (V+ = +5V, v++ = +15V, v- 



-15V, TA-25X) 



SYMBOL 


CHARACTERISTICS 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


l|N • 


Clock Input 


CLOCK 1 


V,n = + 5V to OV 


±2 




±30 


juA 


l|N 


Comparator l/P , 


COryiP.IN (Note 1). 


V,n = OV to +5V 


-10 


±0.001 


+ 10 


ma 


l|H 


Inputs 

With Pulldown 


MODE 


V,N=+5V 


+ 1 


+ 5 


+ 30 


ma 


l|L 


V,n = OV 


-10 


±0.01 


+ 10 


mA 


!|H 


Inputs 

with 

Pullups 


SEN, R/Fl 

LBEN, MBEN, (Note 2) 


V,n-+5V 


-10 


±0.01 


+ 10 


MA 


1|L 


V,n = OV 


-30 


-5 


-1 


mA 


hben,ce/Ld " 


V|H 


Input High Voltage 


All Digital Inputs 




2.5 


2.0 


- - 


V 
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ICL7104 ELECTRICAL CHARACTERISTICS (CONT.) 










SYMBOL 


CHARACTERISTICS 


TEST 
CONDITIONS 


MIIN 


TYP 


MAX 


UNIT 


V|L 


Input Low Voltage 


All Digital Inputs 






1.5 


10 


V 


Vol 


Digital 
Outputs 
Three-Stated 
On 


LBEN 

MBbN (16-only) (Note 3) 

HBEN 


IOL=1-6mA 


— 


27 


.4 


V 


VOH 


l0H= -10mA 




'4.5 


— 


V 


VOH 


lOH = -24qMA 


2.4 


3.5 




V 


CE/LD 

BIT n. POL, OR 


lOL 


Digital Outputs 
Three-Stated Off 


BIT n, POL, OR' 


< Vout ^ V + 


-10 


±.001 


+ 10 


HA 


Vol 


Non-Three State 

Digital 

Output 


STTS 


lOL = 3.2mA 


— 


0.3 


.4 


V 


VoH 


IOH=-400)uA 


2.4 


3.3 


— 


V 


Vol 


CLOCK 2 


Iol = 320mA 




0.5 




V 


VoH 




IOH=-320/xA 




4.5 




V 


Vol 


CLOCK 3 (-14 ONLY) 


IOL=1-6mA 




0.27 


.4 


V 


VoH 


IOH=-320iuA 


2.4 


3.5 




V 


RDS(on) 


Switch 


Switch 1 




— 


25k 




^ 


RDS(on) 


Switches 2,3 




— 


4k 


20k 


a 


RDS(on) 


Switches 4,5,6,7,8,9 




— 


2k 


10k 


a 


•D{off) 


Switch Leakage 




— 


15 




pA 




Clock 


Clock Freq. (Note 4) 




DC 


200 


400 


kHz 


1 + 


Supply Currents 


+ 5V Supply Current 

All outputs high impedance 


Freq. = 200kHz 




200 


600 


/uA 


1++ 


+ 15V Supply Current 


Freq. = 200kHz 




.3 


1.0 


mA 


1- 


-15V Supply Current 


Freq. = 200kHz 




25 


200 


mA 


v + 


Supply Voltage 
Range 


Logip Supply 


Note 5 


4.0 




+ 11.0 


V 


V++ 


Positive Supply 




+ 10.0 




+ 16.0 


V 


V- 


Negative Supply 




-16.0 




-10.0 


V 



, NOTES: 1 . This spec applies when not in Auto-Zero phase. 

2. Apply only when these pins are inputs, i.e^, the mode pin is low, and the 7104 is not in handshake mode. 

3 Apply only, when these pins are outputs, i.e., the mode pin is high or the 7104 is in handshake mode. 

4. Clock circuit shown in Figs. 15 and 16. 

5. V + must not be more positive than V ++ 

ICL8068 ELECTRICAL CHARACTERISTICS (Vsupply = ±15V unless otherwise specified) 



SYMBOL 


CHARACTERISTICS 


TEST 
CONDITIONS 


8068 


8068A 


UNIT 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


EACH OPERATIONAL AMPLIFIER 


Vos 


Input Offset Voltage 


VCM = OV 




20 


65 




20 


65 


mV 


IjN 


Input Current (either input) (Note 1) 


VCM = OV 




175 


250 




80 


150 


pA 


CMRR 


Common-Mode Rejection Ratio 


VCM = ±10V 


70 


90 




70 


,90 




dB 




Non-Linear Component of Common- 
Mode Rejection Ratio (Note 2) 


VCM = ±2V 




110 






110 




dB 


Av 


Large Signal Voltage Gam 


Rl = 50kn 


20.000 






20,000 






V/V 


SR 


Slew Rate 






6 






6 




V/jus 


GBW 


Unity Gam Bandwidth 






2 






2 




MHz 


isc 


Output Short-Circuit Current 






5 


10 




5 


10 


mA 


COMPARATOR AMPLIFIER 


AVOL 


Small-signal Voltage Gam 


Rl = 30k^ 




4000 










V/V 


+ Vo 


Positive Output Voltage Swing 




+ 12 


+ 13 




+ 12 


+ 13 




V 


-Vo 


Negative Output Voltage Swing 




-2.0 


-2.6 




-2.0 


-2.6 




V 


VOLTAGE REFERENCE 


Vo 


Output Voltage 




1.5 


1.75 


2.0 


1.60 


1.75 


190 


V 


Ro 


Output Resistance 






5 






5 




ohms 


TC 


Temperature Coefficient 






50 






40 




ppm/°C 
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§ ICL8068 ELECTRICAL CHARACTERISTICS (CONT.) 



SYMBOL 


CHARACTERISTICS 


TEST 
CONDITIONS 


8068 


8068A 


UNIT 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


VSUPPLY 


Supply Voltage Range 




±10 




±16 


±10 




±16 


V 


•supply 


Supply Current Total 








14 




8 


14 


mA 


ICL8052 ELECTRICAL CHARACTERISTICS (Vsupply = ±15V unless otherwise specified) 


SYMBOL 


CHARACTERISTICS 


TEST 
CONDITIONS 


8068 


8068A 


UNIT 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


EACH 0PERAT90NAL AMPLIFIER | 


vos 


Input Offset Voltage 


VCM-OV 




20 


75 




20 


75 


mV 


liN 


Input Current (either input) (Note 1) 


VcM = OV 




5 


50 




2 


10 


pA 


CMRR 


Common-Mode Rejection Ratio 


VcM-±10V 


70 


90 




70 


90 




dB 




Non-Linear Component of Common- 
Mode Rejection Ratio (Note 2) 


VCM = ±2V 




110 






110 




dB 


Av 


Large Signal Voltage Gam 


Ri: = SOkfl! 


20,000 






20,000 






V/V 


SR 


Slew Rate 






6 






6 




V/MS 


GBW 


Unity Gain Bandwidth 






1 






1 




MHz 


isc 


Output Short-Circuit Current 






20 


100 




20 


100 


mA 


COMPARATOR AMPLIFIER | 


AVOL 


Small-signal Voltage Gain 


Rl = 30kn 




4000 










V/V 


+ Vo 


Ppsitive Output Voltage Swing 




+ 12 


+ 13 




+ 12 


+ 13 




V 


-Vo 


Negative Output Voltage Swing 




-2.0 


-2.6 




-2.0 


-2.6 




V 


VOLTAGE REFERENCE | 


Vo 


Output Voltage 




1.5 


1.75 


2.0 


1.60 


1.75 


1.90 


V 


Ro 


Output Resistance 






5 






5 




ohms 


TC 


Temperature Coefficient 






50 






40 




ppm/°C 


VsUPPLY 


Supply Voltage Range 




±10 




±16 


±10 




±16 


V 


•supply 


Supply Current Total 






6 


12 




6 


12 


mA 



NOTES: 1. The input bias currents are junction leakage currents which approximately double for every lO'C increase in the junction temperature, 
Tj. Due to limited production test time, the input bias currents are measured with junctions at ambient temperature. In normal 
operation the junction temperature rises above the ambient temperature as a result of Internal power dissipation, Pd. Tj = Ta + R^jaPcI 
where R^ja is the thermal resistance from junction to ^bient. A heat sink can be used to reduce temperature nse. 
2. This IS the only component that causes error in dual-slope converter. 

SYSTEM ELECTRICAL CHARACTERISTICS: ICL8068/7104 (V++ = +15V, v+ - +5V, v = -i5V, 

Clock Frequency = 200kHz) 



CHARACTERISTICS 


TEST CONDITIONS 


8068A/7104-14 


8068A/7104-16 


UNIT 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


Zero Input Reading 


V,n-O.OV 

Full Scale = 4.000V 


-0.0000 


±0.0000 


+ 0.0000 


-0.0000 


-0.0000 


+ 0.0000 


Hexadecimal 
Reading 


Ratiometric Reading (1) 


V,n = VRef: 

Full Scale = 4.000V 


1FFF 


2000 


2001 


7FFF 


8000 


8001 


Hexadecimal 
Reading 


Linearity over ±Full Scale (error of 
reading from best straight line) 


-4V<V,n< +4V 




0.5 


1 




0-5 


1 


LSB 


Differential Linearity (difference between 
worst case step of adjacent counts and 
Ideal step) 


-4V£V,n< +4V 




.01 






,01 




LSfe 


Rollover error (Difference in reading for 
equal positive & negative voltage near 
full scale) 


-V,n=+V,nc=.4V 




0.5 


1 




0.5 


1 


LSB 


Noise (P-P value not exceeded 95% of 
time) 


V,n = 0V 

Full scale - 4.000V 




2 






2 




mV 


Leakage Current at Input (2) 


V,n-OV 




100 


165 




100 


165 


pA 


Zero Reading Drift 


Vin = OV 

OX < Ta < 70^ 




0.5 


2 




0.5 


2 


iuV/°C 
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SYSTEM ELECTRICAL CHARACTERISTICS: ICL8068/7104 (CONT.) 



CHARACTIERISTICS 


TEST CONDITIONS 


8068A/7104-14 


8068A/7104-16 


UNIT 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


Scale Factor Temperature (3) Coefficient 


V,n= +4V 
< Ta < 50°C 
(ext. ref. Oppm/°C 




2 


5 




2 


5 


ppm/°C 


SYSTEM ELECTRICAL CHARACTERISTICS: ICL8052/7104 (V++ = +15V, v+ - +5V, v- = -i5V. 
Clock Frequency = 200kHz) 


CHARACTERISTICS 


TEST CONDITIONS 


8052A/7104-14 


8052A/7104-16 


UNIT 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


Zero input Reading 


V,n = O.OV 

Full Scale = 4.000V 


-0.0000 


±0.0000 


+ 0000 


-0 0000 


±0.0000 


+ 0000 


Hexadecimal 
Reading 


Ratiometric Reading (3) 


V,n = VRef. 

Full Scale = 4.000V 


1FFF 


2000 


2001 


7FFF 


8000 


8001 


Hexadecimal 
Reading 


Linearity over ±Fu!l Scale (error of 
reading from best straight line) 


-4V<V,n< +4V 




0.5 


1 




0.5 


1 


LSB 


Differential Linearity (difference between 
worst case step of adjacent counts and 
Ideal step) 


-4V<V,n< +4V 




.01 






.01 




LSB 


Rollover error (Difference in reading for 
equal positive & negative voltage near 
full scale) 


-V,n= +V,n^4V 




0.5 


1 




0.5 


1 


LSB 


Noise (P-P value not exceeded 95% of 
time) 


V.n = OV 

Full scale = 4.000V 




30 






30 




iuV 


Leakage Current at Input (2) 


V,n - OV 




20 


30 




20 


30 


pA 


Zero Reading Drift 


V,n = OV 

0° < Ta < 70°C 




0.5 


2 




0.5 


2 


/iV/°C 


Scale Factor Temperature Coefficient 


V,n=+4V 
< Ta < 70°C 
(ext. ref. Oppm/°C 




2 


5 




2 


5 


ppm/°C 



o 

HI 

o 

,r 

Nl 

■A. 

o 



NOTES: 1. Tested with low dielectnc absorption integrating capacitor. 

2. the input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction tej:nperature, 
Tj. Due to limited production test time, the input bias currents are measured with junctions at ambient temperature. In normal 
operation the junction temperature rises above the ambient temperature as a result of internal power dissipation, Pd Tj = Ta + R^jAPd 
where R^ja is the thermal resistance from junction to ambient. A heat sink can be used to reduce temperature nse. 

3. The temperature range can be extended to 70°C and beyond if the Auto-Zero and Reference capacitors are increased to absorb the 
higt) temperature leakage of the 8068. See note 2 above. 
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Figure 3: Full 18 Bit Three State Output 
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Figure 4: Various Combinations 
of Byte Disables 



AC CHARACTERISTICS (V++ - +15V, v+ = +5V, v~ - -15V) 
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Figure 5: Direct Wio6e Timing Diagram 
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Table 1 


Direct Mode Timing Requirements (Note 


: Not tested in production) 




SYMBOL 


DESCRIPTION 


MIN 


TYP 


MAX 


UNIT 


tbea 


•XgEN Mm. Pulse Width 




300 




ns 


tdab 


Data Access Time from XBEN 




300 




tdhb 


Data Hold Time from XBEN 




200 




tcea 


CE/LD Min. Pulse Width 




350 




tdac 


Data Access Time from CE/LD 




350 




tdhc 


Data Hold Time from CE/LD 




280 




tcwh 


CLOCK 1 High Time 




1000 





01 
10 

o 

r 



Table 2: Handshake Timing Requirements 



NAME 


DESCRIPTION 


MIN 


TYP 


MAX 


UNIT 


^mw 


MODE Pulse (minimum) 




20 




ns 


hm 


MODE pin set-up time 




-150 




tme 


MODE pin high Ao low Z CE/LD high delay 




200 




tmb 


MODE pin high to XBEN low Z (high) delay 




200 




tcel 


CLOCK 1 high to CeTlD low delay 




700 




tceh 


CLOCK 1 high to CE/LD high delay 




600 




tcbl 


CLOCK 1 high to XBEN low delay 




900 




tcbh 


CLOCK 1 high to XBEN high delay 




700 




tcdh 


CLOCK 1 high to data enabled delay 




1100 




tcdl 


CLOCK 1 low to data disabled delay 




1100 




tss 


Send ENable set-up time 




-350 




tcbz 


CLOCK 1 high to XBEN disabled delay 




2000 




tcez 


CLOCK 1 high to CE/LD disabled delay 




2000 




tcwh 


CLOCK 1 High Time 


1250 


1000 


1 



CLOCK 1 (Pm 2S) 

eiTHCR: 
MOOCPIM 
OR: 

INTERNAL LATCH 
PULSe IF MODE 141". 



INTERNAL MODE 



(EXTERNAL SIQNAL) |* P0WTCARE/ 



RiEN "^4'-'f^ 



O/R.POL01-14 




OONTCARE 



:ixnxr: 



DATA VALID. STABLE 



HANDSHAKE MODE TRIGGERED BY ~— OR-— 

•14 BIT VERSION SHOWN 



THREE-STAT E — »- 
-16 HAS EXTRA (MBEN) PHASE 



THREE-STATE W PULLUP « 



Figure 6: Handshake Mode Timing Diagrain 
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Table 3: Pin Descriptions 



PIN 


SYMBOL 


OPTION 


DESCRIPTION 


1 


V(++) 




Positive Supply Voltage 
Nominally +15V 


2 


GND 




Digital Ground .OV, 
ground return 


3 


STTS 




STaTuS output. HI during 
Integrate and Deintegrate 
until data is latched. LO 
when analog section is in 
Auto-Zero configuration. 


4 


POL 




POLarity. Three-state 
output. HI for positive 
input. 


5 


OR 




OverRange. Three-state 
output. 


6 


BIT 16 
BIT 14 


-16 
^14 


(Most significant bit) 


7 


BIT 16 
BIT 13 


-16 
-14 


Data Bits, Three-state 
outputs. See Table 4 for 
format of ENables 
and bytes. 
HIGH = true 


8 


BIT 14 
BIT 12 


-16 
-14 


9 


BIT 13 
BIT 11 


-16 
-14 


10 


BIT 12 
BIT 10 


-16 
-14 


11 


BIT 11 
BIT 9 


-16 
-14 


12 


BIT 10 
no 


-16 
-14 


13 


BIT 9 
no 


-16 
-14 


14 


BIT 8 




15 


BIT 7 




16 


BIT 6 




17 


BIT 5 




18 


BIT 4 




19 


BIT 3 




20 


BIT 2 




21 


BIT 1 




Least significant bit. 


22 


LBEN 


, 


Low Byte ENable. If not 
in handshake mode (see 
pin 27) when LO (with 
CE/LD, pin 30) activates 
low-order byte outputs, 
BITS 1-8 

When in handshake 
m.ode (see pin 27), 
seryes as a low-byte flag 
output. See Figures 12, 
13, 14. 



PIN 


SYMBOL 


OPTION 


DESCRIPTION 


23 




-16 
-14 


Mid Byte ENable. 
Activates BITS 9-16, see 
LBEN (pin 22) 
High Byte ENable. 
Activates BITS 9-14, POL, 
OR. see LBEN (pin 22) 


MBEN 


HBER 


24 




-16 
-14 


High Byte ENable. 
Activates POL, OR, see 
LBEN (pin 22). 
RC oscillator pin. Can be 
used as clock output. 


HBEN 
CL0CK3 


PIN 


SYMBOL 


DESCRIPTION 


25 


CL0CK1 


Clock input. External clock or ocsillator. 


26 


CL0CK2 


Clock output. Crystal or RC oscillator. 


27 


MODE 


Input LO; Direct output mod6 where 
CE/LD. HBEN. MBEN and LBEN act as 
inputs directly controlling byte outputs. If 
pulsed HI causes immediate entry into 
handshake mode (see Figure 14). 
If HI, enables CE/LD, HBEN, MBEN, 
and LBEN as outputs. Handshake mode 
will be entered and data output as in 
Figures 12 & 13 at conversion 
completion. 


28 


R/H 


Run/Hold: Input Hl-conversions 
coptinously performed every 2' (-16) or 
2^ ^(-14) clock pulses. Input LO- 
conversion in progress completed, 
converter will stop in Auto-Zero 7 
counts before input integrate. 


29 


SEN 


Send-ENable: Input controls timing of 
byte transmission in handshake rriode. 
HI indicates 'send'. 


30 


CE/LD 


Chip-lnab|e/LoaD. With MODE (pin 27) 
LO, CE/LD serves as a master output 
enable; when HI, the bit outputs and 
POL, OR are disable_d. With MODE HI, 
pin serves as a LoaD strobe (-ve 
going) used in handshake mode. See 
Figures 12 & 13. 


31 


V( + ) 


Positive Logic Supply Voltage. Nominally 
+ 5V. ; 


32 


AN.IN 


ANalog iNput. High side. 


33 


BUF IN 


BUFfer INput to analog chip (ICL8052 
or ICL8068) 


34 


REFCAP2 


REFerence CAPacitor (negative side) 


35 


AN.GND. 


ANalog GrouND. Input low side and 
reference low side. 


36 


A-Z 


Auto-Zero node. 


37 


VREF 


Voltage REFerence input (positive side). 


38 


REFCAP1 


REFerence CAPacitor (positive side). 


39 


COMP-IN 


COMParator INput from 8052/8068 


40 


V(») 


Negative Supply Voltage. Nominally 
-15V. 
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Table 4: Three-State Byte Formats 
and ENabfe Pins 



CETld 



mm 



PgiN 



RSEn 



hen 



Lge5 






s 



Figure 1 shows the functional block diagram of the 
operating system. For a detailed explanation, refer to Figure 
7 below. 
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Figure 7A: Phase I Auto-Zero 
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Figure 7B: Phase II Integrate Input 




DETAILED DESCRIPTION 
Analog Section 

Figure 7 shows the equivalent Circuit of the Analog 
Section of both the ICL71 04/8052 and the ICL7J04/8068 
in the 3 different phases of operation. If the Run/Hold pin is 
left open or tied to V + , the system will perform conversions 
at a rate determined by the clock frequency: 131,072 



for — 16 and 32,368 for — 14 clock periods per cycle (sqe 
Figure 9 conversion timing). 
Auto-Zero Phase I Figure 7A 

During Auto-Zero, the Input of the buffer is shorted to 
analog ground thru switch 2, and switch 1 closes a loop 
around the integrator and comparator. The purpose of the 
loop Is to charge the Auto-Zero capacitor until the integrator 
output no longer changes with time. Also, switches 4 and 9 
recharge the reference capacitor to Vref- 
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Figure 7C: Phase III + Deintegrate 
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Figure 7D: Phase III - Deintegrate 



Input Integrate Phase II Figure 7B 

During input integrate the Auto-Zero loop is opened and 
the analog ir^put is connected to the buffer input thru switch 
3. (The reference capacitor Is still being chafgfed to VreF 
during this time.) if the -input signal Is zero, thfe buffer, 
integrator and comparator will see the same voltage that 
existed in the previous state (Auto-Zero). Thus the integra- 
tor output will not change but will remain stationary during 
the entire Input Integrate cycle. If V|n is not equal to zero, 
an unbalanced condition exists compared to the Auto-Zero 
phase, and the integrator will generate a ramp whose slope 
is proportional to V|K|. At the end of this phase, the sign of 
,the ramp is latched into the polarity F/F. 

Deintegrate Phase III Figure 7C & D 

During the Deintegrate phase^ the switch drive logic uses 
the output of the polarity F/F in determining whether to 
close switches 6 and 9 or 7 and 8! If the input signal was 
positive, switches 7 and 8 are closed and a voltage which is 
Vref niore negative than during Auto-Zero is impressed on 
the buffer input. Negative inputs will cause + Vref ^o be 
applied to the buffer Input via switches 6 and 9. Thus, the 
reference c^piacitor generates the equivalent of a ( + ) 
refei'ence or ^(-) reference from the single reference 
voltage with negligible errOr. The reference vOltag^ returns 
the output of the integrator to the zero-crossing point 



established in Phase I. The time, or number of counts, 
required to do this is proportional to the input voltage. Since 
the Deintegrate phase can be twice as long as the Input 
integrate phase, the input voltage required to give a full 
scale reading = 2Vref- 

Note: Once a zero crossing is detected, the system automatically reverts 
to Auto-Zero phase for Jhe leftover Deintegrate time (unless Run/Hold is 
manipulated, see Run/Hold Input in detailed description, digital section). 

Buffer Gain 

At the end of the auto-zero interval, the instantaneous 
noise voltage on the auto-zero capacitor is stored, and 
subtracts from the input voltage while adding to the 
reference voltage during the next cycle. The result is that 
this noise voltage effectively is somewhat greater than the 
input noise voltage of the buffer itself during integration. By 
introducing some voltage gain into the buffer, the effect of 
the auto-zero noise (referred to the input) can be reduced to 
the level of the inherent buffer noise. This generally occurs 
with a buffer gain of between 3 and 1 0. Further Increase in 
buffer gain merely increases the total offset to be handled 
by the auto-zero loop, and reduces the available buffer and 
integrator swings, without improving the noise performance 
of the system. The. circuit recommended for doing this with 
the ICL8068/ICL7104 is shown in Figure 8. With pareful 
layoi^t, the circuit shown can achieve effective input noise 
voltages on the order of 1 to 2 juV, allowing full 16-bit use 
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with full scale inputs of as low as 1 50mV. Note that at this 
level, thermoelectric EMFs between PC boards, IC pins, 
etc., due to local temperature changes can be very trouble- 
some. For further discussion, see App. Note A030. 
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Figure 8: Adding Buffer Gain to ICL8068 



Table 5: Typical Component Values (V++ = +15V, V+ = 5V, V" = ~15V, Clock Freq-200kH2) 



ICL8052/8068 WITH 


ICL7104-16 


ICL7104-14 


UNIT 


Full scale Vjn 


200 


800 


4000 


100 


4000 


mV 


Buffer Gain 


10 


1 


1 


10 


1 


V/V 


RjNT 


100 


43 


200 


47 


180 


kn 


CiNT 


.33 


33 


33 


01 


01 


/uF 


Caz 


1.0 


1 


1.0 


1 


1 


)uF 


Cref 


10 


1.0 


1 


10 


1.0 


mf 


Vref 


100 


400 


2000 


50 


2000 


mV 


Resolution 


31 


12 


61 


61 


244 


mV 



ZERO CROSSING 
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RAFTER ZERO CROSSING, 
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CONFIGURATION 



COUNTS 




PHASE 1 


PHASE II 


PHASE III 


-16 


32768 


32768 


65536 


-14 


8192 


8192 


16384 



Figure 9: Conversion Timing 
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I ICL8052/ICL7104 

2 ICL8052 vs ICLd068 



CM 

O 
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The ICL8052 offers significantly lower input leakage 
currents than the ICL8068, and may be found preferable in 
systems with high input impedances. However, the ICL8068 
has substantially lower noise voltage, and for systems 
where system noise is a limiting factor, particularly in low 
signal level conditions, will give better performance. 

COMPONENT VALUE SELECTION 

For optimum performance of the analog section, care 
must be taken in the selection of values for the integrator 
capacitor and resistor, auto-zero capacitor, reference volt- 
age, and conversion rate. These values must be chosen to 
suit the particular application. 

Integrating Resistor 

The integrating resistor is determined by the full scale 
input voltage and the output current of the buffer used to 
charge the integrator capacitor. This current should be 
small compared to the output short circuit current such that 
thermal effects are kept to a minimum and linearity is not 
affected. Values of 5 to 40iLiA give good results with a 
nominal of 20iLiA. The exact value may be chosen by 
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full scale voltage* 
20mA 



*Note: If gain is used in the buffer amplifier then- 
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(Buffer gain) (full scale voltage) 
20iuA 



Integrating Capacitor 

The product of integrating resistor and capacitor 13 
selected to give 9 volt swing for full scale inputs. This is a 
compromise between possibly saturating the integrator (at 
+ 1 4 volts) due to tolerance build-up between the resistor, 
capacitor and clock and the errors a lower voltage swing 
could induce due to offsets referred to the output of the 
comparator. In general, the value of Cjnt is given by 
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"(32768 for -16)' 
(8192 for -14) 



X 20mA X clock period 



Integrator Output Voltage Swing 



A very important characteristic of the integrating capacitor 
is that it have low dielectric absorption to prevent roll-over 
or ratiometric errors. A good test for dielectric absorption Is 
to use the capacitor with the input tied to the reference. 

This ratiometric condition should read half scale (100 
. . . 000) and any deviation is probably due to dielectric 
absorption. Polypropylene capacitors give undetectable 
errors at reasonable cost. Polystyrene and polycarbonate 
capacitors may also be used in less critical applications. 

Auto-Zero and Reference Capacitor 

The size of the auio-zero capacitor has some influence 
on the noise of the system, a large capacitor giving less 
noise. The reference capacitor should be large enough 
such that stray capacitance to ground from its nodes Is 
negligible. 



Note: When gain is used in the buffer amplifier the 
reference capacitor should be substantially larger than the 
auto-zero capacitor. As a rule of thumb, the reference 
capacitor should be approximately the gain times the value 
of the auto-zero capacitor. The dielectric absorption of the 
reference cap and auto-zero cap are only important at 
power-on or when the circuit is recovering from an overload. 
Thus, smaller or cheaper caps can be used here if accurate 
readings are not required for the first few seconds of 
recovery. 

Reference Voltage 

The analog input required to generate a full scale output 
is V|N = 2 Vref. 

The stability of the reference voltage is a major factor in 
the overall absolute accuracy of the converter. The resolu- 
tion of the ICL7104 at 16 bits is one part in 65536, or 
1 5.26ppm. Thus, if the reference has a temperature coeffi- 
cient of SOppm/^C (on board reference) a temperature 
change of 1 /3°C will introduce a one-bit absolute error. For 
this reason, it Is recommended that an external high quality 
reference be used where the ambient temperature is not 
controlled or where high-accuracy absolute measurements 
are being made. 

DETAILED DESCRIPTION 
Digital Section 

The digital section includes the clock oscillator circuit, a 
16 or 14 bit binary counter with output latches and TTL- 
compatible three-state output drivers, polarity, over-range 
and control logic and UART handshake logic, as shown in 
the Block Diagram Figure 10 (16 bit version shown). 

Throughout this description, logic levels will be referred to 
as "low" or "high". The actual logic levels are defined 
under "ICL7104 Electrical Characteristics". For minimum 
power consumption, all inputs should swing from GND (low) 
to V"^ (high). Inputs driven from TTL gates should have 
3--5kn pullup resistors added for maximum noise Immunity. 

MODE Input 

The MODE input is used to control the output mode of 
the converter. When the MODE pin is connected to GND or 
left open (this input is provided with a pulldown resistor to 
ensure a low level when the pin is left open), the converter 
is in its "Direct" output mode, where the output data is 
directly accessible under the control of the chip and byte 
enable inputs. When the MODE input is pulsed high^ the 
converter enters the UART handshake mode and outputs 
the data in three bytes for the 7104-16 or two bytes for the 
7104-14 then returns to "direct" mode. When the MODE 
input is left high, the converter will output data in the 
handshake mode at the end of every conversion cycle. (See 
section entitled "Handshake Mode" for further details). 

STaTuS Output 

During a conversion cycle, the STaTuS output goes high 
at the beginning of Input Integrate (Phase 11), and goes low 
one-half clock period after new data from the conversion 
has been stored in the output latches. See Figure 9 for 
details of this timing. This signal may be used as a "data 
valid" flag (data never changes while STaTuS is low) to 
drive interrupts, or for monitoring the status of the convert- 
er. 
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Figure 10: Digital Section 
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Figure 11: Run/Hold Operation 
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Run/Hold Input 

When the Run/Hold input is connected to V*" or left 
open (this input has a pullup resistor to ensure a high level 
when the pin is left open), the circuit will continuously 
perform conversion cycles, updating the output latches at 
the end of every Deintegrate (Phase III) portion of the 
conversion cycle (See Figure 9). (See under "Handshake 
Mode" for exception.) In this mode of operation, the 
conversion cycle will be performed in 131,072 for 7104-16 
and 32768 for 7104-14 clock periods, regardless of the 
resulting value. 



If Run/Hold goes low at any time during Deintegrate 
(Phase III) after the zero crossing has occurred, the circuit 
will immediately terminate Deintegrate and jump to Auto- 
Zero. This feature can be used to eliminate thejtime spent in 
Deintegrate after the zero-crossing. If Run/Hold stays or 
goes low, the converter will ensure a minimum Auto-Zero 
time, and then wait in Auto-Zero until the Run/Hold input 
goes high. The converter will begin the Integrate (Phase II) 
portion of the next conversion (and the STaTuS output will 
go high) jeven clock periods after the high level is detected 
at Run/Hold. See Figure 11 for details. 
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Using the Run/Hold input in this manner allows an easy 
"convert on demand" interface to be used^The converter 
may be held at idle in Auto-Zero with Run/Hold low. When 
Run/Hold goes high the conversion is started, and when 
the STaTuS output goes low the new data is valid (or 
transferred) to the UART — see Handshake Mode). Run/ 
Hold may now go low terminating Deintegrate and ensuring, 
a minimum Auto-Zero time before stopping to wait for the 
next conversion. Alternately, Run/Hold can be used to 
minimize conversion time by ensuring that it goes low during 
Deintegrate, after zero crossing, and goes high after_the 
hold point is reached. The required activity on the Run/Hold 
input can be provided by connecting it to the CL0CK3 (-14), 
CL0CK2 (-16) Output. In this mode the conversion time is 
dependent on the input value measured. Also refer to 
Intersil Application Bulletin A030 for a discussion of the 
effects this will have on Auto-Zero performance. 

If the Run/Hold input goes low and stays low during Auto- 
Zero (Phase I), the converter will simply stop at the end of 
Auto-Zero and wait for Run/Hold to go high. As above, 
Integrate (Phase II) begins seven clock periods after the 
high level Is detected. 

Direct Mode 

When the MODE pin is left at a low level, the data outputs 
[bits 1 through 8 low order byte, see Table 4 for format of 
middle (-16) and high order bytes] are accessible under 
control _of^ the byte and chip ENable terminals as inputs. 
These ENable inputs are all active low, and are provided 
with pullup resistors to ensure an inactive high level when 
left open. When the chip ENable input is low, taking a byte 
ENable input low will allow the outputs of that byte to 
become active (three-stated on). This allows a variety of 
parallel data accessing techniques to be used. The timing 
requirements for these outputs are shown under AC Char- 
acteristics and Table 1. 

It should be noted that these control inputs are asynchrp- 
nous with respect to the converter clock — the data may be 
accessed at any time. Thus it is possible to access the data 
while it is being updated, which could lead to scrambled 
data. Synchronizing the access of data with the conversion 
cycle by monitoring the STaTuS output wril prevent this. 
Data is never updated while STaTuS is low. Also note the 
potential bus conflict described under "Initial Clear 
Circuitry". 

Handshake Mode 

The handshake output mode is provided as an alternative 
means of interfacing the ICL7104 to digital systems, where 
the A/D converter becomes active in controlling the flow of 
data instead of passively responding to chip and byte 
ENable inputs. This mode Is specifically designed to allow a 
direct interface between the ICL7104 and industry-standard 
UARTs (such as the Intersil CMOS UARTs, IM6402/3) with 
no external logic required. When triggered into the hand- 
shake mode, the ICL7104 provides all the control and flag 
signals necessary to sequence the three (ICL7106-16) or 
two (ICL7104-14) bytes of d^ta into the UART and initiate 
their transmission in serial form. This greatly eases the task 
and reduces the cost of designing remote data acquisition 
stations using serial data transmissioh to minimize the 
number of lines to the central controlling processor. 

Entry into the handshake mode will occur if either of two 
conditions are fulfilled; first, if new data is latched (i.e. a 



conversion is completed) while MODE pin (pin 27) is high, in 
which case entry occurs at the end of the latch cycle; or 
secondly, if the MODE pin goes from low to high, when 
entry will occur immediately (if new data Is being latched, 
entry Is decayed to the end of tire latch cycle). While in the 
handshake mode, data latching is inhibited, and the MODE 
pin is ignored. (Note that conversion cycles will continue in 
the normal manner). This allows versatile initiation of 
handshake operation without danger of false data genera- 
tion; if the MODE pin Is held high, every conversion (other 
than those completed during handshake operations) will 
start a new handshake operation, while if the MODE pin is 
pulsed high, handshake operations can be obtained "on 
demand." 

When the converter enters the handshake mode, or 
when the MODE input is high, the chip and byte ENable 
terminals become TTL-compatible outputs which provide 
the control signals for the output cycle. The Send ENable 
pin (SEN) (pin 29) Is used as an indication of the ability of 
the external device to receive data. The condition of the line 
is sensed once every clock pulse, and if it is high, the next 
(or first) byte is enabled on the next rising CLOCK 1 (pin 25) 
clock edge, the corresponding byte ENable line goes low, 
and the Chip ENable/LoaD pin (pin 30) (CE/LD) goes low 
for one full clock pulse only, returning high. 

On the next falling CLOCK 1 clock pulse edge, if SEN 
remains high, or after it goes high again, the byte output 
lines will be put in the high impedance state (or three-stated 
off). One half pulse later, the byte ENable pin will be cleared 
high , and (unless finished) the CE/LD and the next byte 
ENable pin will go low. This will continue until all three (2 in 
the case of the 14 bit device) bytes have been sent. The 
bytes are individually put into the low impedance state i.e.: 
three-stated on during most of the time that their byte 
ENable pin is (active) low. When receipt of the last byte has 
been acknowledged by a high SEN, the handshake mode 
will be cleared, re-enabling data latching from conversions, 
and recognizing the condition of the MODE pin again. The 
byte and chip ENable will be three-stated off, if MODE is 
low, but held high by their (weak) pullups. These timing 
relationships are illustrated in Figure 12, 13, and 14, and 
Table 2. 

Figure 12 shows the sequence of the output cycl^ with 
SEN held high. The handshake mode (Internal MODE high) 
is entered after th e data l atch pu lse ( since M ODE remains 
high the CE/LD, LBEN, MBEN and HBEN terminals are 
active as outputs). The high level at the SEN input is sensed 
on the same high to low internal clock edge. On the next to 
high internal clock edge, the CE/LD and the HBEN outputs 
assume a low level and the high-order byte (POL and OR, 
and except for -16, Bits 9-14) outputs are enabled. The 
CE/LD output remains low for one full Internal clock period 
only, the data outputs remain active for 1-1/2 internal clock 
periods, and the high byte ENable remains low for two clock 
periods. Thus the CE/LD output low level or low to high 
edge may be used as a synchronizing signal to ensure valid 
data, and the byte ENable as an output may be used as a 
byte identification flag. With SEN remainmg hi gh the con- 
verter completes the output cycle uSing CE/tD, MBEN and 
LBEN while the remaining byte outputs (see Table 4) are 
activated. The handshake mode is terminated when all 
bytes are sent (3 for -16, 2 for -14). 



6-170 
Note: All typical values have been guaranteed by characterization and are not tested. 



ICL8052/ICL7104 



00 

o 

10 

o 

r 

o 



INTEORATOR 
OUTPUT " 



^ 



ZERO-CROSSINQ 
OCCURS 



\zERO<:ROSSMiQ 
DETECTED 



INTERNAL 
LATCH . 



J—. 



STATUS • 
OUTPUT 



INTERNAL 
MODE 



MODE HIQM ACT I VATE S 
CETCOXD. RiER. CBER 

UART 

NORM 




OBER 



LOW BYTE 
DATA' 




— c 




V 



:> — 



^ 



^ 



y 



M HANDSHiUCE MODE 
DI8ABLK OUTPUTS CTTU 



r 



) 



CEEN 



LOW BYTE 
DATA 



— -----•-•------•— ————~— •——•————— -»—————< DATA VALID 



<: 



4y 1-- 




Ci.^-4.- 



= DONTCARE 



...M » THREE-STATE HIGH IMPEDANCE 



— ^— = THREE-STATE WITH PULLUP 



Figure 12: Handshake with SEN Held Positive 
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Figure 13: Haiidshake — Typical UART Interface Timing 



Figure 13 shows an output sequence where the SEN 
input is used to delay portions of the sequence, or 
handshake, to ensure correct data transfer. This timing 
diagram shows the relationships that occur using an indus- 
try-standard 1M6402/3 CMOS UART to interface to serial 
data channels. In this interface, the SEN input to the 
ICL7104 is driven by the TBRE (Transmttter Buffer Register 
Empty) output of the UART, and the CE/LD terminal of the 
ICL7104 drives the TBRL (Transmitter Buffer Register 
Load) input to the UART. The data outputs are paralleled 
into the eight Transmitter Buffer Register inputs. 

Assuming the UART Transmitter Buffer Register is emp- 
ty, the SEN input will be high when the han dsha ke mode is 
entered after new data is stored. The CE/LD and HBEN 
terminals will go low after SEN is sensed, and the high order 
byte outputs become active. When CE/LD goes high at the 
end of one dock period, the high order byte data is clocked 
into the UART Transmitter Buffer Register. The UART 



TBRE o utput w ill now go low, which halts the output cycle 
with the HBEN output low, and the high order byte outputs 
active. When the UART has transferred the data to the 
Transmitter Register and cleared the Transmitter Buffer 
Register, the TBRE returns high. On the next ICL7104 
internal clock high to low edge, the high order byte outputs 
are disabled, and one-half interna! clock later, the HBEN 
output returns high. At the same time, the CE/LD and 
MBEN (-16) or LBEN outputs go low, and the corresponding 
byte outputs become active. Similarly, when the CE/LD 
returns high at the end of one clock period, the enabled 
data is clocked into the UART Transmitter Buffer Register, 
and TBRE again goes low. When TBRE returns to a high it 
will be sensed on the next ICL7104 interna! clock high to 
low edge, disabling the data output s. For the 16 bit device, 
the sequence is repeated for LBEN. One-half internal clock 
later, _lhe handshake mode will be cleared, and the chip and 
byte ENable terminals return high and stay active (as long 
as Mode stays high). 
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Figure 14: Handshake Triggered By Mode 
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With the MODE input remaining high as in these exam- 
ples, the converter will output the results of every conver- 
sion except those completed during a handshake operation. 
By triggering the converter into handshake mode with a low 
to high edge on the MODE input, handshake output 
sequences may be performed on demand. Figure 1 4 shows 
a handshake output sequence triggered by such an edge. In 
addition, the SEN Input is shown as being low when the 
converter enters handshake mode. In this case, the whole 
output sequence is controlled by the SEN input, and the 
sequence for the first (high order) byte is similar to the 
sequence for the other bytes. This diagram also shows the 
output sequence taking longer than a conversion cycle. 
Note that the converter still makes conversions, with the 
STaTuS output and Run/Hold input functioning normally. 
The only difference is that new data will not be latched 
when in handshake mode, and is therefore lost. 

Initial Clear Circuitry 

The internal logic of the 7104 is supplied by an internal 
regulator between V +-i- and Digital Ground. The regulator 
includes a low-voltage detector that will clear various 
registers. This is intended to ensure that on initial power-up, 
the control logic comes up in Auto-Zero, with the 2nd, 3rd, 
and 4th MSB bits cleared, and the "mode" F/F cleared (i.e. 
in "direct" mode). This, however, will also clear these 



registers if the supply voltage "glitches" to a low enough 
value. Additionally, if the supply voltage comes up too fast, 
this clear pulse may be too narrow for reliable clearing. In 
general, this is not a problem, but if the DART internal 
"MODE" F/F should come up set, the byte and chip 
ENable lines will become active outputs. In many systems 
this could lead to bus conflicts, especially in non-handshake 
systems. In any case, SEN should be high (held high for 
non-handshake systems) to ensure that the MODE F/F will 
be cleared as fast as possible (see Figure 12 for timing). For 
these and other reasons, adequate supply bypass is 
recommended. 

Oscillator 

The ICL7104-14 is provided with a versatile three termi- 
nal oscillator to gerierate the internal clock. The oscillator 
may be overdriven, or may be operated as an RC or crystal 
oscillator. 

Figure 1 5 shpws the oscillator configured for RC opera- 
tion. The internal clock will be of the same frequency and 
phase as the voltage on the CLOCK 3 pin. The resistor and 
capacitor should be connected as shown. The circuit will 
oscillate at a frequency given by f = .45/RC. A 50-100k^ 
resistor is recommended for useful ranges of frequency. For 
optimum 60Hz line rejection, |he capacitor value should be 
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Figure 15: RC Oscillator 



Note that CLOCK 3 has the same output drive as the bit outputs. 

As a result of pin count limitations, the ICL7104-16 has 
only CLOCK 1 and CLOCK 2 available, and cannot be used 
as an RC oscillator. The internal clock will correspond to the 
inverse of the signal on CLOCK 2. Figure 16 shows a crystal 
oscillator circuit, which can be used with both 7104 ver- 
sions. If an external clock is to be Used, it should be applied 
to CLOCK 1 . The Internal clock will correspond to the signal 
applied to this pin. 
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I=igurie 16: Crystal Oscillator 



ANALOG AND DIGITAL GROUNDS 

Extreme care must be taken to avoid ground loops in the 
layout of ICL8068 or ICL8052/7104 circuits, especially in 
16-bit and high sensitivity circuits. It is most Important that 
return currents from digital loads are not fed into the analog 
ground line. A recommended connection sequence for the 
ground lines is shown in Figure 17. 

APPLICATIONS INFORMATION 

Some applications bulletins that may be found useful are 
listed here: 

A016 "Selecting A/D Converters", by Dave Fullagar 
A017 "The Integrating A/D Converter", by Lee Evans 
A018 "Do's and Dont's of Applying A/D Converters", by 

Peter Bradshaw and Skip Osgood 
A025 "Building a Remote Data Logging Station", by Peter 

Bradshaw 
A030 "The ICL7104 — A Binary Output A/D Converter for 

Microprocessors", by Peter Bradshaw 
R005 "Interfacing Data Converter & Microprocessors", by 

Peter Bradshaw et al. Electronics, Dec. 9, 1976. 



POWER SUPPLY SEQUENCING 

Because of the nature of the CMOS process used to 
fabricate the ICL7104, and the multiple power supplies 
used, there are certain conditions of these supplies under 
which a disabling and potentially damaging SCR action can 
occur. AH of these conditions involve the V + supply (nom. 
+ 5V) being more positive than the V ++ supply. If there is 
any possibility of this occuring durihg start-up, shut down, 
under transient conditions during operation, or when insert- 
ing a PC board into a "hot" socket, etc., a diode should be 
placed between V^ and V +-i- to prevent it. A gerrhaiilum 
or Schottky rectifier diode would be best, but in most cases 
a silicon rectifier diode is adequate. 
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ICM7206 

CMOS Touch-Tone Encoder 



GENERAL DESCRIPTION 

The Intersil ICM7206/A/B/C/D are 2-of-8 sine wave 
tone encoders for use in telephone dialing systems. Each 
circuit contains a high frequency oscillator, two separate 
programmable dividers, a D/A converter, and a high level 
output driver. 
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FEATURES 

• Low Cost 

• Oscillator Uses 3.58MHz Color TV Crystal 

• High Current Bipolar Output Driver 

• Low Output Harmonic Distortion 

• Wide Operating Supply Voltage Range: 3 to 6 
Volts 

• Uses 3x4 or 4x4 Single Contact Keypad 

• Low Power ( < 5.5mW With A 5.5V Supply) 

• Single and Dual Tone Capabilities 

• Multiple Key Lockout 

• Disable Output: Provides Output Switch Function 
Whenever A Key Is Pressed 

• Custom Options Available 



ORDERING INFORMATION 
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DICE 



4 X COLUMNS 



DUAL 

DTOA 

CONVERTER 



6 4V 
LP 1 LP 2 

11 



OUTPUT 
BUFFER 
DRIVER 



LPi [^ 1 • 

LP2CI 
ROW! \^ 
ROW 2 []]]] 4 
ROW3[[]; 
ROW 4 Q 
DISABLE Q 

vss C. 



14 



Zl ^DD 
^ OUTPUT 
"^ COL 1 



13 ~1 COL 2 

(CM ^ I — I ^^ ^ 

7206/A/B/C/O j__ 

5 ^2 __J COL 3 



I COL 4 
"n OSC OUT 
"^ OSC IN 



DISABLE 
LOGIC 
DRIVER 



Figure 1: Functional Diagram 



Figure 2: Pin 

Configuration 

(Outline Dwg PE) 
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I ABSOLUTE MAXIMUM RATINGS (Note 1) 

Supply Voltage Vqd-Vss (Note 2) 6.0V 

Supply Current Vss (terminal 8) 25mA 

Supply Current Vqd (terminal 16) 40mA 

Disable OutjDut Voltage (term. 7) (Vdd-SV) to Vqd 

Output Voltage (term 15) (Vss- 1.0V) to (Vdd + 5.0V) 

Input Voltage :.... Vss-0.3V to Vdd + 0.3V 



Output Current (terminal 15) 25mA 

Power Dissipation 300m VV 

Operating Temperature Range -40°C to 4-85°C 

Storage Temperature Range - 55°C to + 1 26°C 

Lead Temperature (Soldering, 10sec) : 300X 



NOTE 1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not 
implied. Exposure Id absolute maximum rating conditions for extended penods may affect device reliability. 
2. The ICM7206 fartiily has a zener diode connected between Vdd and Vss baving a breakdown voltage between 6 2 and 7 volts. If the currents into 
terminals 8 and 16 are limited to 25 and 40mA maximum respectively, the supply voltage may b6 increased above 6 voits to zener voltage With no 
such current limiting, tbe supply voltage must not exceed 6 voits. 

ELECTRICAL CHARACTERISTICS 

TEST CONDITIONS: Vqd = 5.5V, Test Circuit, Vss = OV Ta = 25°C unless otherwise specified. 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


IDD 


Supply Current 


Rl disconnected 




450 


1000 


mA 


VSUPPLY 


Guaranteed Operating Supply Voltage Range 
(Note 3) 


-40'C<Ta< +85X 


30 




6.0 


V 


VOUT 


Peak to Peak Output Voltage 


Ci, C2 disconnected — Low Band 


0.90 


1.15 


1 45 


RL = 1kSl» no filtering — High Band 


1.10 


1.40 


1.70 


RMS Output Voltage 


RL=1ka foUT* 697Hz 


C2 Only 




480 




mV 


Ci to C2 




480 




No filtenng 




490 




RL=1kU fouT=1, 633Hz 


Ci 




490 




Ci to C2 




580 




No filtering 




655 






Skew Between High and Low Band 
Output Voltages 


RL = 1kU Ci, C2 disconnected 




2.5 


3.0 


dB 


Zq 


Output Impedance 


RL=-1k^ 


Operating 




90 


200 


a 


Quiescent 




25 




ka 


THD1 


Total Output Harmonic Distortion 


Either Hi or Low Bands 




20 


25 


% 


No Low Pass Filtering 




THD2 


Total Output Harmonic Distortion 


RL = 1ka Ci =<002mF 


foUT = 697H2 




2.3 


10 


C2 = 0.02juF 


f0UT== 1633Hz 




10 


10 


Vqh 


Maximum Output Voltage Level 


RL-1kf2 






4.6 


V 


Vol 


Minimum Output Voltage Level 


RL=1ka 


0.5 






R(N 


Keybbard Input Pullup Resistors 


Terminals 3,4,5,6,11,12,13.14 


35 


100 


150 


kn 


C|N 


Keyboard Input Capacitance 


Terminals 3,4,5,6,11,12,13.14 






5 


PF 


fosc 


Guaranteed Oscillator Fequency Range 
(Note 4) 


3<(Vdd-Vss)^6V 


2.0 




4.5 


MHz 


Guaranteed Oscillator Frequency Range 


4V<(Vdd-Vss)^6V 


2.0 




7 


ton 


System Startup Time on Application of Power 


ICM7206, ICM7206A 




10 




ms 


System Startup Time on Application of Power 
and Key Depressed Simultaneously 


ICM7206B, ICM7206C, ICM7206D 






7 


Rd 


DISABLE Ouiput Saturation Resistance 
(ON STATE) 


See Logic Table for Input Conditions 
Current = 4mA 




330 


700 


a 


lOLK 


DISABLE Output Leakage 
(OFF STATE) 


See Logic Table for Input Conditions 






10 


ma 


Cose 


Osallator Load Capacitance 

n, . ,. .,, 


Measured between terminals 9 & 10, 
no supply voltage applied to circuit 
-40*C<Ta<85"C 




7 




pF 
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ICM7206 

ELECTRICAL CHARACTERISTICS (CONT.) 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


fo 


Guaranteed Output Frequency Tolerance 


Any output frequency 

Crystal tolerance ±60ppm 

Crystal load capacitance CL = 30pF 






±0.75 


% 


tstart 


Oscillator Startup Time iCM7206B,C,D 


Vdd-Vss = 3V (Note 5) 






7 


ms 



NOTES: 3. Operation above 6 volts must employ supply current limiting. Refer to 'ABSOLUTE MAXIMUM RATINGS' and the Application Notes 
for further information. 

4. The ICM7206 family uses dynamic high frequency circuitry in the initial 2"^ divider resulting in low power dissipation and excellent 
performance over a restncted frequency range. Thus, for reliable operation with a 6 volt supply an oscillator frequency of not less 
than 2MHz must be used. 

5. After row input is enabled. 

TRUTH TABLE 



LINE 


ROWS<^> 
ACTIVATED 


C0LS<2) ACTIVATED 


OUTPUT 
(TERMINAL #15) 


DISABLE 
(TERMINAL #7) 


COMMENTS 


1 








Off 


Off 


Quiescent State 


2 


1 


1 


frow + ^col 


On 


Dual Tone 


3 


1 


2 or 3 (incl. col #4) 


^'row 


On 


Single Tone 


4 


2 or 3 


1 


fco! 


On 


Single Tone 


5 


2 or 3 


2 or 3 (exci. col #3) 


D.C Level 


On 


No Tone 


6 


1 


4 or 3 (must excl col #4) 


Vow. 50% Duty Cycle 


frow. 50% Duty Cycle 


Vow Test 


7 


4 


1 


fcol. 50% Duty Cycle 


feci. 50% Duty Cycle 


fcol Test 


8 





1 or 2 or 3 or 4 


Off 


Off 


n/a* 


9 


1 





902Hz + frow 


On 


n/a* 


10 


2 or 3 





902Hz 


On 


n/a* 


11 


4 





902Hz, 50% Duty Cycle 


902Hz, 50% Duty Cycle 


n/a* 


12 


2 or 3 or 4 


4 


D.C. Level 


Indeterminate 


Multiple Key Lockout 


13 


4 


2 or 3 or 4 


D.C. Level 


Indeterminate 


Multiple Key Lockout 



*n/a — not applicable to telephone calling. 

NOTES: 1. Rows are activated for the ICM7206/C by connecting to a negative supply voltage with respect to Vdd (terminal 16) at least 33% of the value 

of the supply voltage (Vpo- Vss) For the ICM7206A rows (and columns) are activated by connecting to a positive supply voltage with respect 

to Vss (terminal 8) at least 33% of the value of the supply voltage (Vdd- Vss)- The rows and columns of the ICM7206B are activated by 

connecting to a negative supply voltage. 
2. Columns (ICM7206) are activated by being connected to a positive supply voltage with respect to Vss (terminal 8) at least 33% of the value of 

the supply voltage (Vdd -Vss)- 



OPTIONS 

(For additional information consult the 

factory) 

Options can be achieved using metal mask additions to 
provide the following. 

1) The sequence or position of either the row or 
column terminals can be interchanged i.e., row 1 
terminal 3 could become terminal 11, etc. 

2) Any frequency oscillator from approximately 0.5MHz 
to 7MHz can be chosen. Note that the accuracy of 
the output frequencies will depend on the exact 
oscillator frequency. For instance, a 1MHz crystal 
could be used with worst case output frequency 
error of 0.8%. Or, if high accuracy is required, 
±0.25%, oscillator frequencies of 5,117,376Hz or 
2,558,688Hz could be selected. ROM's are used to 
program the dividers. 

3) The 'DISABLE' output may be changed to an 
inverter or an uncommitted drain n-channel 
transistor. 

4) The oscillator may be disabled until a key is 
depressed. 



COMMENTS 

All combinations of row and column activations are given 
in the truth table. Lines 1 through 7 and 12, 13 represent 
conditions obtainable with a matrix keyboard. Lines 8 thru 
1 1 are given only for completeness and are not pertinent to 
telephone dialing. 

Lines 6 and 7 show conditions for generating 50% duty 
cycle full amplitude signals useful for rapid testing of the 
row and column frequencies on automatic test equipment. 
In all other cases, output frequencies on terminal 15 are 
single or dual 4 level synthesized sine waves. 

A 'DC LEVEL' on terminal 15 may be any voltage level 
between approximately 1.2 and 4.3 volts with respect to 
Vss (terminal 8) for a 5.5 volt supply voltage. 

The Impedance of the OUTPUT (terminal 15) is approxi- 
mately 20k ohms in the OFF state. The 'DISABLE OUT- 
OUT' ON and OFF conditions are defined in the TYPICAL 
PERFORMANCE CHARACTERISTICS. 



s 

o 
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o 




QUARTZ CRYSTAL PARAMETERS 
f = 3,579.545 Hz 
RS < 100 i> 
Cm = 200 mpF 
Co = 4 5 pF 
Cl = 30 pF 



Figure 3; Test Circuit (single contact keyboard devices shown) 



TYPICAL PERFORMANCE CHARACTERISTICS 



SUPPLY CURRENT AS A FUNCTION OF SUPPLY 
VOLTAGE 



TOTAL HARMONIC DISTORTION AS A FUNCTION 
OF LOAD RESISTANCE 






OUTP 


1 1 

25'C 

UT OPEN CIRCUIT 

1 ■ 










. 


/ 




^^ 1 




J 




/ 


I 


t 
i 



2 3 4 5 6 7 

SUPPLY VOLTAGE (Voo - Vss) 




100 IK 10K 

LOAD RESISTANCE (<;) 



Note. Ali typical values have been guaranteed by charactenzation and are not tested. 
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TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 



OSCILLATOR FREQUENCY DEVIATION AS A 
FUNCTION OF SUPPLY VOLTAGE 



PEAK TO PEAK OUTPUT VOLTAGE AS A 
FUNCTION OF SUPPLY VOLTAGE 



o 

s 

10 

o 

01 



1^10 



5-0 5 
w -1 

o 

-1 5 



1 



Ta 25 C 

CRYSTAL PARAMETERS 




R$ = 4512 
Cm = 20 mpF 


] 


1 






/ 








y 






^ 


A 




;/ 









:: 10 

o 
> 

I 075 

O 
05 

25 



1 

Ta = 25 c 

- Rl = 560S2 

NO FILTER 


1 


/ 


4 


NG 




/^ 








HIGH / 


/ 








A 


f BAND 






A 


r 






■' ■ 


/ 


V 











1 



SUPPLY VOLTAGE 



SUPPLY VOLTAGE 





^_ STANDARD TELEPHONE 

KEYBOARD ^ 




ROW 1 


COL 1 COL 2 COL 3 
1 2 3 


COL 4 

A 


ROW 2 


4 5 6 


B 


ROW 3 


7 8 9 


C 


ROW 4 





D 




-• FULL KEYBOARD 





KEY 


LOW BAND 
FRED. Hz 


HI BAND 
FREQ. Hz 


1 


697 


1209 


2 


697 


1336 


3 


697. 


1477 


4 


770 


1209 


5 


770 


1336 


6 


770 


1477 


7 


852 


1209 


8 


852 


1336 


9 


852 


1477 


* 


941 


1209 





941 


1336 


# 


941 


1477 


A 


697 


1633 


B 


770 


1633 


C 


852 


1633 


D 


941 


1633 



Figure 4: Keyboard Frequencies 




DETAILED DESCRIPTION 

The reference frequency is generated from a fully inte- 
grated oscillator requiring only a 3.58MHz color TV crystal. 
This frequency is divided by 8 and is then gated into two 
divide by N counters (possible division ratios 1 through 1 28) 
which provide the correct division ratios for the upper and 
lower band of frequencies. The outputs from these two 
divide by N counters are further divided by 8 to provide the 
time sequencing for a 4 voltage level synthesis of each 
sinewave. Both sinewaves are added and buffered to a high 
current output driver, with provisions made for up to two 
external capacitors for low pass filtering, if desired. Typical- 
ly, the total output harmonic distortion is 20% with no L.P. 
filtering and it may be reduced to typically less than 5% with 
filtering. The output drive level of the tone pairs will be 



approximately -3dBV into a 900 ohm termination. The 
skew between the high and low groups is typically 2.5 dB 
without low pass filtering. 

The 7206 uses either a 3x4 or 4x4 single contact 
keyboard; the oscillator will run whenever the power is 
applied, and the DISABLE output consists of a p-channel 
open drain FET whose source is connected to Vqd. 

The 7206A can also use a3x4or4x4 keyboard, but 
requires a double contact type with the common line tied to 
Vdd- The oscillator will be on whenever power is applied; 
the DISABLE output consists of a p-channel open drain 
FET; its source is connected to Vpo- 

The 7206B requires a 4 + 4 double contact keyboard with 
the common line tied to Vss- The oscillator will be on only 
during the time that a ROW is enabled, and the DISABLE 
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S ICM7206 

S output consists of an n-channel open drain FET with its 
^ source tied to Vss- 

The 7206C uses either a 3x4 or 4x4 single contact 
keyboard; the oscillator will be on only during the time that a 
key is depressed. The DISABLE output consists of an n- 
channel open drain FET with Its source tied to Vss- 

The 7206D uses a single contact 3 x 4 or 4 x 4 keyboard. 
The oscillator will be on only during the time that a key is 
depressed. DISABLE output consists of a p-channel open 
drain FET with its source tied to Vdd- 



2 mo '^ 



HP'^ 



^E«. 



Figure 5: Schematic Diagram 
ICiyi7206 Oscillator 



Figure 6 shows Individual currents of a low band and high 
band frequency pair into the summing node A (see Figure 7) 
and the resultant voltage waveform. 



DESIRED 

FREQUENCY 

Hz 


ACTUAL 

FREQUENCY 

Hz 


FREQUENCY 
DEVIATION 

% 


DIVIDE BY N 
RATIO 


697 


699.13 


+ 0.30 


80 


770 


766.17 


-0.50 


73 


852 


847.43 


-0.54 


66 


941 


947.97 


+ 0.74 


59 


1209 


1215.88 


+ 0.57 


46 


1336 


1331.68 


-0.32 


42 


1477 


1471.85 


-0.35 


38 


1633 


1645.01 


+ 0.74 


34 





HIGH AND LOW 
FREQUENCIES 
COWBINED 



Figure 6 
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APPLICATION NOTES 
Device Description 

The ICM7206 family is manufactured with a standard 
metal gate CMOS technology having proven reliability and 
excellent reproducability resulting in extremely high yields. 
The techniques used In the design have been developed 
over many years and are characterized by wide operating 
supply voltage ranges and low power dissipation. 

To minimize chip size, all diffusions used to define 
source-drain regions and field regions are butted up togeth- 
er. This results in approximately 6.3 volt zener breakdown 
between the supply terminals, and between all components 
on chip. As a consequence, the usual CMOS static charge 
problems and handling problems are not experienced with 
the ICM7206. 

The oscillator consists of a medium size CMOS inverter 
having on chip a feedback resistor and two capacitors of 
14pF each, one at the oscillator input and the other at the 
oscillator output. The oscillator is followed by a dynamic ^ 
2^ circuit which divides the oscillator frequency to 447, 
443Hz. This is applied to two programmable dividers each 
capable of division ratios of any integer between 1 and 1 28, 
and each counter is controlled by a ROM. The outputs from 
the programmable counters drive sequencers (divide by 8) 
which generate the eight time slots necessary to synthesize 
the 4-level sine waves. 

The control logic block recognizes signals on the row and 
column inputs that are only a small fraction of the supply 
voltage, thereby permitting the use of a simple matrix single 
contact per key keyboard, rather than the more usual two 
contacts per key type having a common line. The row and 
column pullup resistors are equal in value and connected to 
the opposite supply terminals (ICM7206/C only; for the 
ICM7206A all pullup resistors are connected to the Vss 
terminal and for the ICM7206B they are tied to the Vqd- 
Therefore, connecting a row input to a column input 
generates a voltage on those inputs which is one half of the 
supply voltage. 

The ICM7206 family employs a unique but extremely 
simple digital to analog (D to A) converter. This D to A 
converter produces a 4 level synthesized sine wave having 
an intrinsic total harmonic distortion level of approximately 
20%. Figure 8 shows a single channel D to A converter. The 
current sources Q2 and Q3 are proportioned in the ratio of 
1:1.414. During time slots 1 and 8 both Si and $2 are off, 
during time slots 2 and 7 only Si is on, during time slots 3 
and 6 only S2 is on, and during time slots 4 and 5 both Si 
and S2 are on. The resultant currents are summed at node 
A, buffered by Q4 and further buffered by R3, R4 and Q5. 
Switch S3 allows the output to go into a high impedance 
mode under quiescent conditions. 

Node A is the common summing point for both the high 
and low band frequencies although this is not shown in 
Figure 8. 

The synthesized sine wave has negligible even harmonic 
distortion and very low values of third and fifth harmonic 
distortion thereby minimizing the filtering problems neces- 
sary to reduce the total harmonic distortion to well below 
the 10% level required for touch tone telephone encoding. 
Figure 9 shows the low pass filter characteristic of the 
output buffer for Ci = 0.0022mF and C2 = 0.022mF. A small 



10 



peak of 0.4dB occurs at 1 1 0OHz with sharp attention (12dB O 
per octave) above 2500Hz. This type of active filter ^ 
produces a sharper and more desirable knee characteristic 
than would two simple cascaded RC networks. 
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Figure 8: D to A Converter and Output Buffer 
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Latchup Considerations 

Most junction isolated CMOS integrated circuits, espe- 
cially those of moderate or high complexity, exhibit latchup 
phenomena whereby they can be triggered Into an uncon- 
trollable low impedance mode between the supply termi- 
nals. This can be due to gross fon^/ard biasing of inputs or 
outputs (with respect to the supply terminals), high voltage 
supply transients, or more rarely by exceptional fast rate of 
rise of supply voltages. 

The ICM7206 family is no exception, and precautions 
must be taken to limit the supply current to those values 
shown in the ABSOLUTE MAXIMUM RATINGS. For an 
example, do not use a 6 volt very low impedance supply 
source in an extremely electrically noisy environment 
unless a SOOohm current limiting resistor is included in 
series with the Vss terminal. For normal telephone encod- 
ing applications no problems are envisioned, even with low 
impedance transients of 1 00 volts or more, if circuitry similar 
to that shown in the next section is used. 

Telephone Handset 

A typical encoder for telephone handsets is shown in 
Figure 10. This encoder uses a single contact per key 
keyboard and provides all other switching functions elec- 
tronically. The diode connected between terminals 8 and 1 5 



prevents the output going more than 1 volt negative with 
respect to the negative supply Vss and the circuit operates 
over the supply voltage range from 3.5 volts to 15 volts on 
the device side of the bridge rectifier. Transients as high as 
100 volts will not cause system failure, although the 
encoder will not operate correctly under these conditions. 
Correct operation will resurhe immediately after the tran- 
sient is removed. 

The output voltage of the synthesized sine wave is 
almost directly proportional to the supply voltage 
(Vdd-Vss) and will increase with increase of supply voltage 
until zener breakdown occurs (approximately 6.3 volts 
between terminals 8 and 1 6) after which the output voltage 
remains constant. 

Portable Tone Generator 

The ICM7206A/B require a two contact key keyboard 
with the common line connected to the positive supply (neg 
for ICM7206B) (terminal 16). A simple diode matrix may be 
used with this keyboard to provide power to the system 
whenever a key Is depressed, thus avoiding the need for an 
on/off switch. In Figure 11 the tone generator is shown 
using a 9 volt battery. However, if Instead, a 6 volt battery is 
used, the diode D4 is not required. It is recommended that a 
470ohm resistor still be included in series with a negative 
(positive) supply to prevent accidental triggering of latchup. 




Figure 10: Telephone Handset Touch Tone Encoder 

NOTE: If dual contact keyboard is used, common should be left floating. 
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Figure 11: Portable Tone Generator 
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$ CMOS Timebase Generator 




GENERAL DESCRIPTION 

The ICM7207/A consist of a high stability oscillator and 
frequency divider providing 4 control outputs suitable for 
frequency counter timebases. Specifically, when used as a 
frequency counter timebase in conjunction with the 
ICM7208 frequency counter, the four outputs provide the 
gating signals for the count window, store function, reset 
function and multiplex frequency reference. Additionally, the 
duration of the count window may be changed by a factor of 
10 to provide a 2 decade range counting system. 

The normal operating voltage of the ICM7207/A is 5 
volts. The typical power dissipation is less than 2mW when 
using an oscillator frequency of 6.5536lVIHz with the 7207 
and 5.24288mHz with the 7207A. 



In the 7207/A.the GATING OUTput, ReSeT, and the 
MULTIPLEX output provide both pull up and pull down, 
eliminating the need for 3 external resistors; although, 
buffering must be provided if interfacing with TTL is 
required. 

ORDERING INFORMATION 



ORDER 


TEMPERATURE 




NUMBER 


RANGE 


PACKAGE 


ICM7207IJD 


-20°C to +85*'C 


14-Pin CERDIP 


ICM7207IPD 


-20°C to +85°C 


14-Pin PLASTIC DIP 


ICM72d7/D 


-20°C to +85*^0 


DICE 


ICM7207EV/Kit 


__ 


EV/Kit* 


ICM7207AIJD 


-20X to +85''C 


14-Pin CERDIP 


ICM7207AIPD 


-20''C to +85X 


14-Pin PLASTIC DIP 


ICM7207A/D 


- 20*^0 to +85''C 


DICE 


ICM7207AEV/Kit 


— 


EV/Kit* 



*These EV/Kits contain just the 10 and the corresponding crystal. The 
ICM7207A is also used in the 4''/2-Digit Counter/Dnver kits, the ICM7224 
EV/Kit, ICM7225 EV/Kit, and ICM7236 EV/Kit, which include several ICs, 
a crystal, PC board, and some passive components. 



FEATURES 

• stable HF Oscillator 

• Low Power Dissipation < 2mW With 5 Volt 
Supply 

• Counter Chain Has Outputs at ^2^^ and -^2" or 
^(2"x 10); n = 17 for 7207, and 20 for 7207A 

• Low Impedance Output Drivers < 100 Ohms 

• Count Windows of 10/100ms (7207 With 
6.5536MHz Crystal) or 0.1/1 Sec. (7207A With 
5.2428$IVIHz Crystal) 

APPLICATION^ 

• System Timebases 

• Oscilloscope Calibration Generators 

• Wistrker Generator Strobes 

• Frequency Counter Controllers 
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2 13 
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N/CC 
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Dvdd 
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6 9 
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7 8 
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Figure 1: Pin Configuration 
(Outline dwg PD) 
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Figure 2: Functional Diagram 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltage (VpD-Vss) 6.0V 

Input Voltages Vss-0.3V to Vdd + 0.3V 

Output Voltages: 

7207 Vss to +6V 

7207A Vdd to Vss 

NOTE 1: Derate by 2mW/X above 25°C. 

Absolute maximum ratings refer to values which if exceeded may permanently change or destroy the device. Stresses above those listed under Absolute 
Maximum Ratings may cause permanent damage to the device. These are stress ratings only, and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute maximum rating conditions for extended 
penods may affect device reliability. 



O 



Output Currents 25mA 

Power Dissipation @ 25X Note 1 200mW 

Operating Temperature Range -20''C to +85**C 

Storage Temperature Range - 55°C to + 1 25°C 

Lead Temperature (Soldering, 10sec) 300°C 



ELECTRICAL CHARACTERISTICS 

fosc = 6.5536MHz(7207), 5.24288MHz(7207A), Vdd = 5V, Ta = 



25°C, Vss*= OV, test circuit unless otherwise specified. 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


Vdd 


Operating Voltage Range 


-20»C to +85X 


4 




5.5 


V 


Idd 


Supply Current 


All outputs open circuit 




260 


1000 


mA 


Rds(on) 


Output on Resistances 


Output current = 5mA 
All outputs 




50 


120 


a 


Iqlk 


Output Leakage Currents 


All outputs (STORE only) 






50 


ma 


(Rout) 


(Output Resistance 
Terminals 12,13,14) 


Output current « 50mA, 7207A 
only 






33K 


n 


ipd 


Input Pulldown Current 


Terminal 11 connected to Vdd 




50 


200 


HA 




Input Noise Immunity 




25 






% supply voltage 


fosc 


Oscillator Frequency Range 


Note 2 


2 




10 


MHz 


fSTAB 


Oscillator Stability 


C|N = CouT = 22pF 




0.2 


1.0 


ppm/V 


rose 


Oscillator Feedback 
Resistance 


Quartz crystal open circuit 
Note 3 


3 






Ma , 



NOTES: 2. Dynamic dividers are used in the initial stages of the divider chain. These dividers have a lower frequency of operation determined by 
transistor sizes, threshold voltages and leakage currents. 
3. The feedback resistor has a non-linear value determined by the oscillator instantaneous input and output voltage voltages and the 
supply voltage. 
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CRYSTAt PARAMETERS 

CiN • Coot - 22pF 
ICM7207 
f - 6.5S36MH7 
Rs-40ft 
Ci - ISmpF 
Co-3.SpF 

ICM7207A 

f - 5.24288MHz 
Rs<7Sn 
Co-4pF 
Cm - 12mpF 
Cl * 12pf 






>^SOk^ ^ 50k' ^50l(' 



STORE 



CI 



-— iDK 



-d 

HZ 

Cl 



]*}- 



tCM7207 

(A) 



1] 

u 



RE- 
SET 



MUX 
OUT 



SWITCHES Si. S2, S3, S4 OPEN CIRCUIT FOR SUPPLY CURRENT MEASUREMENT. 

SWITCH S5 OPEN CIRCUIT FOR SLOW (3ATING PERIOD. 

t SWITCHES S2, S3, S4 and 50k RESISTORS ARE NOT NEEDED WHEN USING THE ICM7207A. 

Figure 3: Test Circuit 



TYPICAL PERFORMANCE CHARACTERISTICS 



SUPPLY CURRENT AS A FUNCTION OF 
OSCILLATOR FREQUENCY 



300 
250 
200 



ISO 
100 
50 



Ta»25*C ' ' 

Vdo " 5V I 

Medium Quality Quartz Crystals 

?»-*-12MHz 



-/r 



/ 



^ 



P 3.3 MHz C|M « lOpF 
I CoUT » 22pF 

2 MHz CaN«22pF 

CoUT " 22pF 

C|N « 22pF 



CouT • 'OpF 
C||g - lOpF 

6.5 MHz 

CouT • lOpF 



2 4 6 8 10 i: 

OSCILLATOR FREQUENCY MHz 

OP03881I 



OUTPUT SATURATION RESISTANCES AS A 
FUNCTION OF SUPPLY VOLTAGE 




SUPPLY VOLTAGE 
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ICM7207/A 

TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 



O 
o 



OSCILLATOR STABILITY AS A FUNCTION OF 
SUPPLY VOLTAGE 



SUPPLY CURRENT AS A FUNCTION OF SUPPLY 
VOLTAGE 




600 

500 

3. 400 


fosc 


1 
25°C 1 
= 65 MHz 


1 

1 




COUT =* 22pF 
C|N - 22pF , 


! 




z 
a 300 






^ 


y 


3 






.-^ 




B 100 



>, 


^ 


<\ 






^ 













SUPPLY VOLTAGE 



SUPPLY VOLTAGE 



OUTPUT TIMING WAVEFORMS 7207 (7207A) 
Crystal Frequency = 6.5536(5.24288)MHz 



or 62Siis (— — — Of 781u>) 

1 6kH* , ^ 1 28kH* *^ ' 



MULTIPLEX OUTPUT 



_rLn....nj~L-..rLrL 



20 or 200 mt 



GATING OUTPUT 



"a 



200 or 2000m$) 



f ^ l^_,Oor 100 {100 or 1000) ir 



"TJ 



U" 



•4-312;;$ (39V J) 



i_r 



Figure 4: Output Waveform 



DETAILED DESCRIPTION 

Referring to the Test Circuit Figure 3, the crystal oscillator 
frequency is divided by 2^^ to provide both the multiplex 
frequency and generate the output pulse widths. The 
GATING OUTPUT provides a 50% duty cycle signal whose 
period depends upon whether the RANGE CONTROL 
terminal is connected to Vdd or Vss (open circuit). 
OSCILLATOR CONSIDERATIONS 

The oscillator consists of a CMOS inverter with a non- 
linear resistor connected between the input and output 
terminals to provide biasing. Oscillator stabilities of approxi- 
mately 0,1 ppm per 0.1 volt change are achievable at a 
supply voltage of 5 volts, using low cost crystals. The crystal 
specifications are shown in the TEST CIRCUIT. 

It is recommended that the crystal load capacitance (CO 
be no greater than 15pF for a crystal having a series 
resistance equal to or less than 75^, otherwise the output 
amplitude of the oscillator may be too low to drive the 
divider reliably. 



If a very high quality oscillator is desired, it is recom- 
mended that a quartz crystal be used having a tight tuning 
tolerance ± 1 0ppm, a low series resistance (less than 25^), 
a low motional capacitance of 5mpF and a load capaci- 
tance of 20pF. The fixed capacitor C|n should be 39pF and 
the oscillator tuning capacitor should range between ap- 
proximately 8 and 60pF. 

Use of a high quality crystal will result in typical oscillator 
stabilities of O.OSppm per 0.1 volt change of supply voltage. 

FREQUENCY LIMITATIONS 

The ICM7207/A uses dynamic frequency counters in the 
initial divider sections. Dynamic frequency counters are 
faster and consume less power than static dividers but 
suffer from the disadvantage that there is a minimum 
operating frequency at a given supply voltage. 
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C^ 




lOOKHx 

FREQUENCY 



Figure 5 



For example, If instead of 6.5MHz, a IMHz oscillator is 
required, it is recommended that the supply voltage be 
reduced to between 2 and 2.5 volts. This may be realized by 
using a series resistor in series with the 5V positive supply 
line plus a decoupling capacitor. The quartz crystal parame- 
ters, etc., will determine the value of this resistor. NOTE: 
Except for the output open drain n-channel transistors no 
other terminal is permitted to exceed the supply voltage 
limits. 



APPLICATION 

A PRACTICAL FREQUENCY COUNTER 

A complete frequency counter using the ICM7207/A 
together with the ICM7208 Frequency Counter is described 
in the ICM7208 data sheet. Other frequency counters using 
the ICM7207/A can be constructed using the ICM7224, 
ICM7225, and ICM7236, for LCD, LED and VF displays. The 
latter are available as EV/Kits also. 

QUARTZ CRYSTAL MANUFACTURERS 

The following list of possible suppliers is intended to be of 
assistance in putting a design into production. It should not 
be interpreted as a comprehensive list of suppliers, nor 
does it constitute an endorsement by Intersil. 

a) CTS Knights, Sandwich, Illinois, (815) 786-8411 

b) Motorola Inc., Franklin Park, Illinois (312) 451-1000 

c) Sentry Manufacturing Co., Chickasaw, Oklahoma 
(406) 224-6780 

d) Tyco Filters Division, Phoenix, Arizona (602) 272- 
7945 

e) M-Tron Inds., Yankton, South Dakota (605) 665- 
9321 

f) Saronix, Palo Alto, California (415) 856-6900 
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ICM7208 

7-Digit LED Display Counter 



GENERAL DESCRIPTION 

The ICM7208 is a fully integrated seven decade counter- 
decoder-dnver and is manufactured using Intersil's low 
voltage metal gate C-MOS process. 

Specifically the ICM7208 provides the following on chip 
functions: a 7 decade counter, multiplexer, 7 segment 
decoder, digit & segment driver, plus additional logic for 
display blanking, reset, input inhibit, and display on/off. 

For unit counter applications the only additional compo- 
nents are a 7 digit common cathode display, 3 resistors and 
a capacitor to generate the multiplex frequency reference, 
and the control switches. 

The ICM7208 is intended to operate over a supply 
voltage of 2 to 6 volts as a medium speed counter, or over a 
more restricted voltage range for high frequency applica- 
tions. 

As a frequency counter it is recommended that the 
ICM7208 be used in conjunction with the ICM7207 Oscilla- 
tor Controller, which provides a stable HF oscillator, and 
output signal gating. 




FEATURES 

• Low Operating Power Dissipation < lOmW 

• Low Quiescent Power Dissipation < 5mW 

• Counts and Dispiays 7 Decades 

• Wide Operating Supply Voltage Range 
2V < VoD ^ 6V 

• Drives Directly 7 Decade Multiplexed Common 
Cathode LED Display 

• Internal Store. Capability 

• Internal Inhibit to Counter Input 

• Test Speedup Point 

ORDERING INFORMATION 



PART NUMBER 


TEMPERATURE 
RANGE 


PACKAGE 


iCM7208IPI 


-20X to +85X 


28 Lead 
Plastic DIP 


ICM7208IJi 


-20°C to +85*'C 


28 Lead 
CERDIP 


ICM7208/D 


- 


DICE 



o 

o 
m 



Sr^ 



TESTPOINTI 



TESTiNKrra 



TEST INPUT 3 




Figure 1: Functional Diagram 



Figure 2: Pin Configuration 
(Outline Drawing PI) 
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U ABSOLUTE MAXIMUM RATINGS 

Supply Voltage (Note 2) (Vqd-Vss) •■• 6V 

Input Voltage Range (any input terminal) 

(Note 2) VSS-0.3V to Vdd + 0.3V 

Output Digit Drive Current (Note 3) 1$0mA 

Output Segment Drive Current 30mA 

stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings only, and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to 
absolute maximum rating conditions for extended penods may affect device reliability. 

ELECTRICAL CHARACTERISTICS (Vdd = 5V, Vss = OV, Ta = 26°C, display off, unless othenA^ise specified) 



Power Dissipation (Note 1) 1W 

Operating Temperature Range -20°C to +,85°C 

Storage Temperature Range - 65°C to + 1 50°C 

Lead Temperature (Soldering, 10sec) ,. 300°C 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


|Q1 


Quiescent Current 


All controls plus terminal 19 connected to 
Vdd No multiplex oscillator 




30 


300 


ma 


|Q2 


Quiescent Current 


All control inputs plus terminal 19 connected 
to Vdd except STORE which is connected 
to Vss 




70 


350 


Iddi 


Operating Supply Current 


All inputs connected to Vdd. RC multiplexer 
osc operating fm < 25kHz 




210 


500 


IdD2 


Operating Supply Current 


f,n = 2MHz 






700 


VSUPPLY 


Supply Voltage Range 


f,n < 2MHz 


3.5 




5.5 


V 


Rdig 


Digit Driver On Resistance 






4 


12 


a 


'dig 


Digit Driver Leakage Current 








500 


ma 


rsEG 


Segment Dnver On Resistance 






40 




n 


ISLK 


Segment Driver Leakage Current 








500 


HA 


Rp 


Pullup Resistance of RESET 
or STORE Inputs 




100 


400 




k^ 


RjN 


COUNTER INPUT Resistance 


Terminal 12 either at Vdd or Vss 






100 


Vhin 


COUNTER INPUT Hysteresis 
Voltage 






25 


50 


mv 



NOTES: 1 . This value of power dissipation refers to that of the package and will not be obtained under normal operating conditions. 

2. The supply voltage must be applied before or at the same time as any input voltage. This poses no problems with a single power 
supply system. If a multiple power supply system is used, it is mandatory that the supply for the ICM7208 is switched on before the 
other supplies otherwise the device may be permanently damaged. 

3. The output digit dnve current must be limited to 1 50mA or less under steady state conditions. (Short term transients up to 250mA 
will not damage the device.) Therefore, depending upon the LED display and the supply voltage to be used it may be necessary to 
include additional segment senes resistors to limit the digit currents 
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"=■ >100k ~ 
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Figure 3: Test Circuit 
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TYPICAL PERFORMANCE CHARACTERISTICS 



MAXIMUM COUNTER INPUT FREQUENCY AS A 
FUNCTION OF SUPPLY VOLTAGE 



£ 5.0 



Ta = 


25° C 
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2.0 3.0 4.0 5.0 

SUPPLY VOLTAGE (V) 



SEGMENT OUTPUT CURRENT AS A FUNCTION OF 
SUPPLY VOLTAGE 



30.0 



Ta = 25°C 
2S L ^^^ FORWARD VOLTAGE _ 
•■ DROP @ 15 mA- 1.8V 
5 SEGMENTS LIT 

20.0 





2.0 3.0 4.0 5.0 6.1 
SUPPLY VOLTAGE (V) 

OP03931I 
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S TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 



SUPPLY CURRENT AS A FUNCTION OF SUPPLY 
VOLTAGE 



I 250 



Ta = 25»C 
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RCo» 


euiktor 


l.5kHi 
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/ 


f 
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y 


/ 









1.0 2.0 3.0 4.0 5.0 6.0 

SUPPLY VOLTAGE (V) 

OP03941I 

TEST PROCEDURES 

The ICM7208 is provided with three input terminals 7, 23, 
27 which may be used to accelerate testing. The least two 
significant decade counters may be tested by applying an 
input to the 'COUNTER INPUT terminal 12. TEST POINT 
terminal 23 provides an input which bypasses the 2 least 
significant decade counters and permits an injection of a 
signal into the third decade counter. Similarly terminals 7 
and 27 permit rapid counter advancing at two points further 
along the string of decade counters. 

CONTROL INPUT DEFINITIONS 



INPUT 


TERMINAL 


VOLTAGE 


FUNCTION 


1. DISPLAY 


9 


Vdd 
Vss 


Display Ort 
Display Off 


2. STORE 


11 


Vdd 
Vss 


Counter Information 
Latched 

Counter Information 
Transferring 


3. ENABLE 


13 


Vdd 
Vss 


Input to Counter 
Blocked 
Normal Operation 


4. RESET 


14 


Vdd 
Vss 


Normal Operation 
Counters Reset 



COUNTER INPUT DEFINITION 

The internal counters of the ICM7208 index on the 
negative edge of the Input signal at terminal #12. 

DETAILED DESCRIPTION 
Format of Signal to be Counted 

The noise immunity of the COUNTER INPUT Terminal is 
approximately 1/3 the supply voltage. Consequently, the 
input signal should be at least 50% of the supply in peak to 
peak amplitude and preferably equal to the supply. 

The optimum input signal is a 50% duty cycle square 
wave equal in amplitude to the supply. However, as long as 
the rate of change of voltage is not less than approximately 
10~'^V/jus at 50% of the power supply voltage, the input 
waveshape can be sinusoidal, triangular, etc. 



SUPPLY Current as a function of counter 

INPUT frequency 
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OP03951I 

When driving the input of the ICM7208 from TTL, a 
1 k-5k^ pull-up resistor to the positive supply must be used 
to increase peak to peak Input signal amplitude. 

Display Considerations 

Any common cathode multiplexable LED display may be 
used. However, if the peak digit current exceeds 1 50mA for 
any prolonged time, it is recommended that resistors be 
included in series with the segment outputs to limit digit 
current to 150mA. 

The ICM7208 is specified with SOO/uA of possible digit 
leakage current. With certain new LED displays that are 
extremely efficient at low currents, it may be necessary to 
include resistors between the cathode outputs and the 
positive supply to bleed off this leakage current. 

Display Multiplex Rate 

The ICM7208 has approximately 0.5)us overlap between 
output drive signals. Therefore, if the multiplex rate is very 
fast, digit ghosting will occur. The ghosting determines the 
upper limit for the multiplex frequency. At very low multiplex 
rates flicker becomes visible. 

It is recommended that the display multiplex rate be 
within the range of 50Hz to 200Hz, which corresponds to 
400Hz to 1600Hz for the multiplex frequency input. For 
stand alone systems, two inverters are provided so that a 
simple but stable RC oscillator may be built using only 2 
resistors and a capacitor. 

The multiplex oscillator is eight times the multiplex rate. 
The frequency is given using the following formulii: 



f' 



1 



2.2RxCx 



Rs should always be < 1 MfZ and Rs = kRx where k is in the 
range 2-10. 

An external generator may be used to provide the 
multiplex frequency input. This signal, applied to terminal 19 
(terminals 16 and 20 open circuit^, should be approximately 
equal to the supply voltage, and should be a square wave 
for minimum of power dissipation. 
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Figure 4: Schematic Unit Counter 



Unit Counter 

Figure 4 shows the schematic of an extremely simple unit 
counter that can be used for remote traffic counting, to 
name one application. The power cell stack should consist 
of 3 or 4 nickel cadmium rechargeable cells (nominal 3.6 or 
4.8 volts). If 4 X 1 .5 volt cells are used it is recommended 
that a diode be placed in series with the stack to guarantee 
that the supply voltage does not exceed 6 volts. 

The input switch is shown to be a single pole double 
throw switch (SPOT). A single pole single throw switch 
(SPST) could also be used (with a pullup resistor), however, 
anti-bounce circuitry must be included in series with the 
counter input. In order to avoid contact bounce problems 
due to the SPOT switch the ICM7208 contains an input 
latch on chip. 

The unit counter updates the display for each negative 
transition of the input signal. The information on the display 
will count, after reset, from 00 to 9,999,999 and then reset 
to 0000000 and begin to count up again. To blank leading 
zeros, actuate reset at the beginning of a count. Leading 
zero blanking affects two digits at a time. . 

For battery operated systems the display may be 
switched off to conserve power. 

Frequency Counter 

The ICM7208 may be used as a frequency counter when 
used with an external frequency reference and gating logic. 
This can be achieved using the ICM7207 Oscillator Control- 
ler (Figure 5). The ICM7207 uses a crystal controlled 
oscillator to provide the store and reset pulses together with 



the counting window. Figure 6 shows the recommended 
input gating waveforms to the ICM7208. At the end of a 
counting period (50% duty cycle) the counter input is 
inhibited. The counter information is then transferred and 
stored in latches, and can be displayed. Immediately after 
this information is stored, the counters are cleared and are 
ready to start a new count when the counter input is 
enabled. 

Using a 6.5536MHz quartz crystal and the ICM7207 
driving the ICM7208, two ranges of counting may be 
obtained, using either 0.01 sec or 0.1 sec counter enable 
windows. 

Previous comments on leading zero blanking, etc., apply 
as per the unit counter. 

The IGM7207 provides the multiplex frequency reference 
of 1.6kHz. 

Period Counter 

For this application, as opposed to the frequency count- 
er, the gating and the input signal to be measured are 
reversed to the frequency counter. The input period is 
multiplied by two to produce a single polarity signal (50% 
duty cycle) equal to the input period, which is used to gate 
into the counter tho frequency reference (1MHz in this 
case). Figure 8 shows a block schematic of the input 
waveform generator. The 1MHz frequency reference is 
generated by the ICM7209 Clock Generator using an 8MHz 
oscillator frequency and internally dividing this frequency by 
8. Alternatively, a 1 MHz signal could be applied directly to 
COUNTER INPUT. Waveforms are shown in Figure 7. 
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Figure 5: Frequency Counter 



Note: for a 1 sec count window which allows all 7 digits to be used with a resolution of 1 Hz, the ICM7207 can be replaced with the ICM7207A. Circuit details 
are given on the 7207A data sheet. 
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Figure 6: Frequency Counter Input Waveforms 
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Figure 7: Period Counter Input Waveforms 
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Figure 8: Period Counter input Generator 
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GENERAL DESCRIPTION 

The Intersil ICM7209 is a versatile CMOS clock generator 
capable of driving a number of 6 volt systems vyjth a variety 
of input requirements^ When used to drive up 'to 5 TTL 
gates, the typical rise and fall times are 10ns. 

The ICM7209 consists of an oscillator, a buffered output 
equal to the oscillator frequency and a second buffered 
output having an output frequency one-eighth that of the 
oscillator. The guaranteed maximum oscillator frequency is 
10MHz. Connecting the DISABLE terminal to the negative 
supply forces the ^8 output into the '0' state and the output 
1 into the '1' state. 



ORDERING INFORMATION 




FEATURES 



High Frequency Operation — lOiy/IHz Guaranteed 

Requires Only A Quartz Crystal and Two 

Capacitors 

Bipolar, CMOS Compatibility 

High Output Drive Capability — 5 x TTL Fanout 

With 10ns Rise and Fall Times 

Low Power ~50mW at 10l\/IHz 

Choice of Two Output Frequencies — Osc, and 

Osc. H- 8 Frequencies 

Disable Control for Both Outputs 

Wide Industrial Temperature Range — 20°C to 

+ 85X 



PART 
NUMBER 


TEMPERATURE 
RANGE 


PACKAGE 


ICM7209IJA 


-20*0 to ,+ 85X 


8 pin CERDIP 


ICM7209IPA 


-20°C to +85''C 


8 pin PLASTIC 


ICM7209/D 


— 


DICE 




osc OUT [T • 

oscinCE 

DISABLE [T 

vddci: 



Uvss 

T]N/C 
T] -rS OUT 
T]oUT1 



Figure 1: Functional Diagram 

*Zener Voltage is Typically 6.3 Volts 



TOP VIEW 



Figure 2: Pin Configuration 
(Outline dwg PA) 

Pin 1 is designated by either a dot 
or a notch 
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ICM7209 



ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 6V Power Dissipation (25°C) 300mW 

Output Voltages Vss-0.3V to Vdd + 0.3V Storage Temperature -55?C to +125°C 

Input Voltages Vss-0.3V to Vdd + 0-3V Operating Temperature Range -20X to +85'C 

Lead Temperature (Soldering, 10sec) 300°C 

NOTE: Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. 
Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 

ELECTRICAL CHARACTERISTICS 

(Vdd-Vss = 5V±10%, test circuit, fosc^lOMHz, Ta = 25°C unless othen/vise specified.) 



O 

z 

O 
<0 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


IDD 


Supply Current 


Note 1 
No Load 




11 


20 


mA 


Cd 


Disable Input Capacitance 






5 




PF 


•ilk 


Disable Input Leakage 


Either '1' or '0' state 






±10 


iuA 


Vol 


Output Low State 


Either OUT 1 or OUT ^8 
simulated 5xTTL loads 






0.4 


V 


Vqh 


Output High State 


Either OUT 1 or OUT ^8 
simulated 5xTTL loads 


4.0 


4.9 




tR 


Output Rise Time (Note 3) 


Either OUT 1 or OUT ^8 
simulated 5xTTL loads 




10 




ns 


tp 


Output Fall Time (Note 3) 


Either OUT 1 or OUT ^8 
simulated 5xTTL loads 




10 




fosc 


Minimum OSC Frequency 
for -^8- Output 


Note 2 


2 






MHz 




Output ^8 duty cycle 


Any operating frequency 
Low state : High state 




7:9 




GM 


Oscillator Transconductance 




80 


200 




MS 



NOTES: 1. The power dissipation is a function of the oscillator frequency (1st ORDER EFFECT see curve) but is also effected to a small extent 
by the oscillator tank components. 

2. The -r8 circuitry uses a dynamic scheme. As with any dynamic system, information or data is stored on very small nodal 
capacitances instead of latches (static systems) and there is a lower cutoff frequency of operation. Dynamic dividers are used in the 
ICM7209 to significantly improve high frequency performance and to decrease ppwer consumption. 

3. Rise and fall times are defined between the output levels of 0.5 and 2.4 volts. 



CRYSTAL PARAMETERS: 
Cm « 5mpF 
RS " 15 ohms 
Co= 3pF 
Cl = lOpF 
f- 10 MHz 



0.01/LtF 



0+5V 



X" 



ispFii: 



■X" 

CD 



18pFZ^ 



OSC OUT VpD 
ICM 7209 
OSC IN Vss 



Figure 3: Test Circuit 



DISABLE 

-oOUTI 



> +5V 



400^ 



SIMULATED 
5 X TTL LOADS 



=t= 15pF 



7-23 
Note: All typical values have been guaranteed by characterization and are not tested. 



0> 

o 



ICM7209 

TYPICAL PERFORMANCE CHARACTERISTICS (Vdd-Vss = 5V) 



SUPPLY CURRENT AS A FUNCTION 
OF OSCILLATOR FREQUENCY 



15 



< 
■§10 

Z 
UJ 
ff 
C 

3 5 

> 



T.-'25"C' 




/ 




SIMULATED 5x 


TTL 


/ 




OUTPUT 1 




7 










J 


/ 








^y 


V^ 








^^ 


^ 


UUIH 


UIS 


L>ISAl 


SLED 



100kHz 



1MHz 10MHz 

FREQUENCY 



100MHz 



TYPICAL OUT 1 RISE ANQ FALL 
TIMES 



8^ 

> 





T 


\ 








1 


\ 


LOAD» 
5xTTL 
LOADS 


J 






Ta = 25°C- 

^osc- 

- 10MH' 


/ 




,' 






J 






^ 









SUPPLY VOLTAGE RANGE FOR 

CORRECT OPERATION OF ^8 

COUNTER AS A FUNCTION OF 

OSCILLATOR FREQUENCY. 



Ui 

< 

S: 

D 
W 1 



Ta-25°C 


J 






y 


1 


1 







A 






, 


^ 


/ 






LOCI FOR CORRECT 
OPERATION 



40 60 


80 100 


10kHz 100MHz 1 lyiHz 10MHZ 100MHz 


TIME (ns) 




OSCILLATOR FREQUENCY 




OP04900I 


OP04911I 



Rise and fall times of OUT ^8 are 
similar to those of OUT 1. 



DETAILED DESCRIPTION 

OSCILLATOR CONSIDERATIONS 

The oscillator consists of a CMOS inverter with a non- 
linear resistor connected between the oscillator input and 
outpMt to provide D.C. biasing. Using commercially obtain- 
able quartz crystals the oscillator will operate from low 
frequencies (10kHz) to 10MHz. 

The oscillator circuit consumes about 500/uA of current 
using a 10MHz crystal with a 5 volt supply, and is designed 
to operate with a high impedance tank circiiit. It is therefore 
necessary that the quartz crystal be specified with a load 
capacitance (CO of 10pF instead of the standard 30pF. To 
maximize the stability of the oscillator as a function of 
supply voltage and temperature, the motional capacitance 
of the crystal should be low (5mpF or less). Using a fixed 
input capacitor of 1 8pF and a variable capacitor of nominal 
value of 18pF on the output will result in oscillator stabilities 
of typically 1ppm per volt change in supply voltage. 
THE "r 8 OUTPUT 

A dynamic divider is used to divide the oscillator frequen- 
cy by 8. Dynamic dividers use small nodal capacitances to 



store voltage levels instead of latches (which are used in 
static dividers). The dynamic divider has advantages in high 
speed operation and low power but suffers from limited low 
frequency operation. This results in a window of operation 
for any oscillator frequency (see TYPICAL PERFORMANCE 
CHARACTERISTICS). 

OUTPUT DRIVERS 

The output drivers consist of CMOS inverters having 
active pullups and pulldown^. Thus the outputs can be used 
to directly drive TTL gates, other CMOS gates operating 
with a 5 volt supply, or TTL compatible MOS gates. The 
guaranteed fanout is 5 TTL loads although typical fanout 
capability is at least 10 tlL loads with slightly increased 
output rise and fall times. 

DEVICE POWER CONSUMPTION 

At low frequencies the principal component of the power 
consumption is the oscillator. At high oscillator frequencies 
the major portion of the power Is cohsumed by the output 
drivers, thus by disabling the outputs (activating the DIS- 
ABLE INPUT) the device power consumption can be 
dramatically reduced. 



7-24 
Note: All typical values have been guaranteed by characterization and are not tested. 



ICM7213 

One Second/One Minute 
Timebase Generator 




6) 



GENERAL DESCRIPTION 

The ICM7213 is a fully integrated micropower oscillator 
and frequency divider with four buffered outputs suitable for 
interfacing with most logic families. The power supply may 
be either a two battery stack (Ni-cad, alkaline, etc.) or a 
regular power supply greater than 2 volts. Depending upon 
the state of the WIDTH, INHIBIT, and TEST inputs, using a 
4.194304MHz crystal will produce a variety of output 
frequencies including 2048Hz, 1024Hz, 34.133Hz, 16Hz, 
1Hz, and 1/60Hz (plus composites). 

The ICM7213 utilizes a very high speed low power metal 
gate CMOS technology which uses 6.4 volt zeners between 
the drains and sources of each transistor and also across 
the supply terminals. Consequently, the ICM721 3 is limited 
to a 6 volt maximum supply voltage, although a simple 
dropping network can be used to extend the supply voltage 
range well above 6 volts (See Figure 7). 

ORDERING INFORMATION 



PART 
NUMBER 


TEMPERATURE 
RANGE 


PACKAGE 


ICM7213IJD 


-20°C to +85X 


14 pin CERDIP 


ICM7213IPD 


-20''C to +85°C 


14 pin PLASTIC 
DIP 


ICM7213/D 


— 


DICE 



FEATURES 

• Guaranteed 2 Volts Operation 

• Very Low Current Consumption: Typ. IOOmA @ 
3V 

^ All Outputs TTL Compatible 

• On Chip Oscillator Feedback Resistor 

• Oscillator Requires Only 3 External Components: 
Fixed Capacitor, Trim Capacitor, and A Quartz 
Crystal 

• Output Inhibit Function 

• 4 Simultaneous Outputs: One Pulse/Sec, One 
Pulse/Min, 16Hz and Composite 1024 + 16 + 2Hz 
Outputs 

• Test Speed-Up Provides Other Frequency 
Outputs 



(4,194,304Hz) (8,192H2) <1024Hz) 



(64Hz) (16Hz) (4Hz) 




WIDTH CI 14 U OUT 4 

OUT 3 C 2 13 3 OUT 2 

INHIBIT C 3 12 D OUT 1 



Vss C 
OSCOUT CI 5 
OSC IN C 



4 7JJJ 11 d TEST 



10 J Vdd 
9 m N/C 



Or'rESEtIi] ■ TEST [n] OUT 2 [13] OUT 1 ^ 

Figure 1: Functional Diagram 



N/C C] 7 8 p N/C 

CD02851I 



Figure 2: Pin 

Configuration 

(Outline drawing PD) 
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I IC1M7213 

S ABSOLUTE MAXIMUM RATINGS 

Supply Voltage (Vpo - Vss) • • ■ ■ • 6.0V 

Output Current (Any output) ,20mA 

All Input and Oscillator Voltages (Note 1) 

Vss-O.av to VDD + 0.3V 
All Output Voltages (Note 1) Vsg to 6.0V 



Operating Temperature Range -20°C to +85°C 

Storage Temperature Range -40°C to +125°C 

Power Dissipation (Note 2) 200mW 

Lead Temperature (Soldering, 10sec) 300°C 



Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings only, and functional 

operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to 

absolute maximurp rating conditions for extended penods may affect device reliability. 

NOTE 1: The ICM7213 like most CMOS devices, may enter a destructive iatchup mode if an input or output voltage is applied in excess of those defined and 

there is no supply current limiting. 

NOTE 2: Derate linearly power rating of 200mW at 25°C to 50mW at 70°C. 

ELECTRICAL CHARACTERISTICS 

(Vdd-Vss = 3.0V, fosc = 4.1 94304MHz, Test Circuit, Ta = 25''C unless otherwise specified) 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


!dd 


Supply Current 






100 


140 


)UA 


^SUPPLY 


Guaranteed Operating Supply 
Voltage Range (Vdd-Vss) 


- 20°C < Ta < 85X 


2 




4 


V 


Iqlk 


Output Leakage Current 


Any output, Vqut = 6 Volts 






10 


ma 


Rout 


Output Sat. Resistance 


Any output, Iqlk ="- 2.5mA 




120 


200 


a 


ii 


Inhibit Input Current 


Inhibit terminal connected to VpD 




10 


40 


MA 


'tp 


Test Point Input Current 


Test point terminal connected 
to Vdd 




10 


40 


iw 


Width Input Current 


Width terminal connected to VpD 




10 


40 


gm 


Oscillator g^ 


Vdd = 2V 


100 






JUS 


tosc 


Oscillator Frequency Range (Note 3) 




1 




10 


MHz 


fSTAB 


Oscillator Stability 


2V < Vdd < 4V 




10 




ppm 


ts 


Oscillator Start Time 






0.1 




sec 


Vdd = 2.0 volts 




0.2 





NOTE: 3. The ICM7213 uses dynamic dividers for high frequency division. As with any dynamic system, information is stored on very small nodal 
capacitances instead of latches (static system), therefore there is a lower frequency of operation. Dynamic dividers are used to improve 
the high frequency performance while at the same time significantly decreasing power consumption. At low supply voltages, operation at 
less than 1MHz is possible. See application notes. 



-AAAr- 
" N.O. 



—X — 
□ 

30pF = = isOpF 



-E 






-E • 

-{I 

-{I 



ICM 
7213 



■3- 



-AAA^ 



TE ^Ji°^.j.p. 



^ — 0r 

'01 



CRYSTAL PARAMETER 
f « 4.194,304 MHz (PARALLEL 
RESONANT) 



RS =35 a 
C(vi = 17 mpF 
Co = 2.5 pF 



II 

3 



SUPPLY VOLTAGE 



r 



Figure 3: Test Circuit 
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ICM7213 

TYPICAL PERFORMANCE CHARACTERISTICS 



SUPPLY CURRENT AS A FUNCTION 
OF TEMPERATURE 
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-40 -20 +20 -(-40 +eo -i-ao 

TEMPERATURE - °C 



SUPPLY CURRENT AS A FUNCTION 

OF SUPPLY Voltage 



.300 




2.0 3.0 4.0 5.0 

SUPPLY VOLTAGE Vpo - Vgs 



OUTPUT CURRENT AS A FUNCTION 
OF OUTPUT SATURATION VOLTAGE 



30 



25 



< 

£ 

I 
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15 



ff 
c 

I 10 

D 

o. 

O 
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= 25^0 
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^UPP 


= 5V 






/ 
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/H 
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OSCILLATOR STABILITY AS A FUNCTION OF 
DEVICE TEMPERATURE 



0.1 0.2 0.3 0.4 0.5 0.6 
OUTPUT SATURATION 
VOLTAGE (ANY OUTPUT) 

OP04940I 



OSCILLATOR STABILITY AS A FUNCTION OF 
SUPPLY VOLTAGE 
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QUARTZ CRYSTAL 
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-40 -20 +20 +40 +60 -»80 
TEMPERATURE - °C 




2.0 3.0 . 4.0 5.0 

SUPPLY VOLTAGE Voo - Vss 

OP04961I 



OUTPUT DEFINITIONS 



INPUT STATES 


* 


PIN 12 
OUT 1 


PIN 13 
OUT 2 


PIN 2 
OUT 3 


PIN 14 
OUT 4 


TEST 


INHIBIT 


WIDTH 


L 


L 


L 


16Hz 
^218 


1024 + 16 + 2NZ 
(.212-^218^221) composite 


1Hz, 7.8ms 
^222 


1/60HZ, 1 Sec. 
^(224 X 3 X 5) 


L 


L 


H 


16Hz 


1024 + 16 + 2HZ 

(^2"' 2^2^ ^^2^1) composite 


1Hz, 7.8ms 
.222 


1/60HZ, 125ms 


L 


H 


L 


16Hz 
.218 


1024 + 16HZ 
(-2^2.218) composite 


OFF 


OFF 


L 


H 


H 


16Hz 
.218 


1024 + 16HZ 
(^2^2.218) composite 


OFF 


SEE 
WAVEFORMS 


H 


L 


L 


ON 


4096 + 1024Hz 
(.210^2^2) composite 


2048Hz 
^2^1 


34.133Hz. 50% D.C. 
^(2^3 X 5 X 3) 


H 


L 


H 


ON 


4096 + 1024Hz 
(.2i0-f2''2) composite 


2048Hz 
-f2l1 


34.133Hz, 50% D.C. 
^(2^3 X 5 X 3) 


H 


H 


L 


ON 


1024Hz 
.212 


ON 


OFF 


H 


H 


H 


ON 


1024Hz 
.212 


ON 


OFF 



NOTE: When TEST and RESET are connected to ground, or left open, all outputs except for OUT 3 and OUT 4 have a 50% duty cycle. 
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g ICM7213 

s 
o 



K-16HZ 



OUT 2 



-2H2- 



Figure 4: Output Waveforms 



CASE 1 

CASE 2 

(PULSE 3 

COINCIDENT 

WITH INHIBIT) 


INHIBIT 






I 


' 


OUT 3 










OUT 4 
OUT 3 


U 








-J 
<7.8m$— 1^ 




OUT 4 








1 


' 


OUT 3 






1 
i 




CASE 3 


OUT 4 






Ul 

1 




(EFFECtOF^ 


WIDTH 






1 


1 ' 


WIDTH ^ 
ON OUT 4) 


1 
1 
1 


r~i 




OUT 3 






1 
1 
1 




CASE 4 


OUT 4 






Ul 

_ 1 




(EFFECT OF " 

WIDTH 

ON OUT 4) 


WIDTH 






1 1 


1 ' 


1 










' i 

1 


1 



0.75- 1.0 SEC 



^"^^^ 7.8m$ 



59.75 to 
60SECS. 



"^ FT^ 



Figure 5: Effect of Input Inhibit (Test Connected to Vss or Left Open) 



All time scales are arbitrary, and in the case of OUT 3 
only the pulses coinciding with the negative edge of OUT 4 
are shown. Where time intervals are relevant they are 
clearly shown. 

APPLICATIONS 

Supply Voltage Considerations 

The ICM7213 may be used to provide various precision 
outputs with frequencies from 2048Hz to 1/60Hz using a 
4,194,304Hz quartz oscillator, and other output frequencies 
may be obtained using other quartz crystal frequencies. 
Since the ICM7213 uses dynamic high frequency dividers 
for the initial frequency division there ar^ limitations on the 
supply voltage range depending on the oscillator frequency. 
If, for example, a low frequency quartz crystal is selected, 
the supply voltage should be selected iri the center of the 
operating window, or approximately 1.7 volts. 



SUPPLY 
VOLTAGE 




Figure 6: Window of Correct Operation 



The supply voltage to the ICM7213 may be derived from 
a high voltage supply by using a simple resistor divider (if 
power is of no concern), by using a series resistor for 
minimum current consumption, or by means of a regulator. 
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ICM7i213 



EXAMPLE: 
f - 4.2 MHz 
8V < V< 12V(10nom.) 

I2 ^ImA 
R2 "^^SK OHMS 
R"! '^e.SK OHMS 



Cbypassooimf 

•1 




Cbypass . 

0.01/1 F 



EXAMPLE: 

fOSC =4.2 MHz 

8V < V < 12V (10V nom) 

i-l « 100 MA 

R3= (10-3) K OHMS 
10-4 

^68K OHMS 



Figure 7: Biasing Schemes 
with I4igh Voltage Supplies 



Logic Family Compatibility 

Pull up resistors will generally be required to interface 
with Other logic families. These resistors must be connected 
between the various outputs and the positive power supply. 



Oscillator Considerations 

The oscillator consists of a CMOS inverter and a feed- 
back resistor whose value is dependent on the voltage at 
the oscillator Input and output terminals and the supply 
voltage. Oscillator stabilities of approximately 0.1 ppm per 
0.1 volt variation' are achievable with a nominal supply 
voltage of 5 volts and a single voltage dropping resistor. 
The crystal specifications are shown in the TEST CIRCUIT. 

It is recommended that the crystal load capacitance (CL) 
be no greater than 22pF for a crystal having a series 
resistance equal to or less than 75 ohms, otherwise the 
output amplitude of the oscillator may be too low to drive 
the divider reliably. 

If a very high quality oscillator is desired, it is recom- 
mended that a quartz crystal be used having a tight tuning 
tolerance ±10ppm, a low series resistance (less than 25 
ohms), a low motional capacitance of 5mpF and a load 
capacitance of 20pF. The fixed capacitor C|n should be 
30pF and the oscillator tuning capacitor should range 
between approximately 16 and 60pF. 

Use of a high quality crystal will result in typical stabilities 
of 0.05ppm per 0.1 volt change of supply voltage. 

Control Inputs 

The TEST input inhibits the 2^® output and applies the 2^ 
output to the 2^^ divider, thereby permitting a speedup of 
the testing of the ^60 section by a factor of 2048 times. This 
also results in alternative output frequencies (see table). 

The WIDTH input may be used to change the pulse width 
of Out 4 from 125ms to 1 sec, or to change the state of 
OUT 4 from ON to OFF during INHIBIT. 



■4 

0> 
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I ICM7215 

I 6-Digit LED Display 
a 4-Function Stopwatch 




GENERAL DESCf^lPTION 

The IC;M7215 is a fully integrated six digit LED stopwatch 
circuit fabricated with Intersil's low threshold metal gate 
CMOS process. The circuit interfaces directly with a six 
digit/seven segment common cathode LED display. The 
low battery indicator can be connected to the decimal point 
anode or to a separate LED. The only components required 
for a complete stopwatch are the display, three SPST 
switches, a 3.2768MHz crystal, a trimming capacitor, three 
AA batteries and an ON-OFF switch. For a two function 
stopwatch, or to add a display off feature, one additiona^l 
slide switch is required. The circuit divides the oscillator 
frequency by 2^^ to obtain 100Hz, which is fed to the 
fractional seconds, seconds and minutes counters, while an 
intermediate frequency is used to obtain the 1 /6 duty cycle 
1 .07kHz multiplex waveforms. The blanking logic provides 
leading zero blanking for seconds and minutes indepen- 
dently of the clock. The ICM7215 is packaged in a 24-lead 
plastic DIP. 



ORDERING INFORMATION 



PART NUMBER 


TEMP. RANGE 


PACKAGE 


ICM7215IPG 


-20X to +70X 


24.Pin PLASTIC 
DIP 


ICM7215/D 


— 


DICE 



FEATURES 

• Four Functions: Start/Stop/Reset, Split, Taylor, 
Time put 

• Six DiQit Display: Ranges Up to 59 Minutes 59.99 
Seconds 

• High LED Drive Current: 13mA Pedl( Per 
Segment at 16.7% Duty Cycle With 4.0 Volt 
Supply 

• Requires Only Three Low Cost SPST Switches 
Without Loss of Accuracy: Start/Stop, Reset, 
Display Unlock 

• Chip Enable Pin Turns Off Both Segment and 
Digit Outputs; Can Be Used for Multiple Circuits 
Driving One Display 

• Low Battery indicator 

• Digit Blanking On Seconds and Minutes 

• Wide Operating Range: 2.0 to 5.0 Volts 

• 1kHz Multiplex Rate Prevents Flickering Display 

• Can Be Used Easily In Four Different Single 
Function Stopwatches or Two Two-Function 
Stopwatches: Start/Stop/Reset With Time-out, 
Split With Taylor. The Component Count for A 
Three- or Four-Function Stopwatch Will Be 
Slightly Greater 

• Retrofit to ICM7205 for Split and/or Taylor 
Applications 



2 INPUTS >- 



HIGH 

FREQUENCY 

DIVIDER 



DIGIT _^ g OUTPUTS 

OUTPUTS p'ouwiruia 



LOW 

FREQUENCY 

DIVIDER 



MULTIPLEX 
GENERATOR 



1 INPUT >- 
4 INPUTS > 



J 



-<1 INPUT 



SEGMENT _v 7 OUTPUTS 
OUTPUTS "7 ' v^w-uiJ* 



osc outC 

LSI ANODE E 

vddC 

SegcE 
S^aE 
Seg«E 
SegdE 

s«9gE 

SegbE 

S«gfE 

SiC 

SI0C 



CONTROL LOGIC 



ICM721S 
7 18 



^^^ -> 1 OUTPUT 



D osc IN 

Dtest 

d start/stop 

Imode 

H RESET 
D DISPLAY 
DiOtht 
DiOOths 

Dvss 

d chip enable 

Dmio 

Dmi 



Figure 1: Functional Diagram 



Figure 2: Pin Configuration 
(Outline dwg PG) 
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ICM7215 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage (Vdd to Vss)- ■■■■•■ 5.5V 

Power Qisslpation (Note 1) 0.75W 

Operating Temperature -20°C to + 70°C 



Storage Temperature -55°C to +125°C 

Input Voltage Vss-0.3V to Vdd + 0.3V 

Output Voltage Vss to Vqd 



10 
01 



Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device These are stress ratings only, and functional 
operation of the device at these or any othej; conditions above those indicated in the operational sections of the specifications is not implied Exposure to 
absolute maximum rating conditions for extended penods may affect device reliability 



ELECTRICAL CHARACTERISTICS: (Ta = 

specified.) 



+ 25°C, stopwatch circuit, Vqd = 4.0V, Vss = OV, unless otherwise 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


VSUPPLY 


Supply Voltage (Vdd -Vss) 


-20°C<Ta< +70°C 


20 




50^ 


V 


Idd 


Supply Current 


Display off 




06 


1 5 


mA 


ISEG 


Segment Current 
Peak 
Average ' 


5 segments lit 

1.8 Volts across display 


90 


132 
2.2 




isw 


Switch Actuation Current 


All inputs except CHIP 
ENABLE 




20 


50 


mA 


.Switch Actuation Current , 


Chip enable 




50 


200 


'dlk 


Digit Leakage Current 


Vdig = 2 OV 






50 


ISLK 


Segment Leakage Current 


VsEG = 2.0V 






100 


VLB! 


Low Battery Indicator 
Trigger Voltage 




22 




28 


V 


Ilbi 


LBI Output Current 


Vdd = 2.0V, Vlb! = 1 6V 




20 




mA 


%TAB 


Oscillator Stability 
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NOTE: 1. The output devices on the ICM7215 have very low impedence charactenstics, especially the digit cathode drivers. If these devices 
are shorted to a low impedance power supply, the current could be as high as 300mA 
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^ ICM7215 

S TYPICAL PERFORMANCE CHARACTERISTICS 

~ SUPPLY CURRENT VS VOLTAGE 
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DETArLED DESCRIPTION 

FUNCTIONAL OPERATION 

Turning on the stopwatch will bring up the reset state with 
the fractional seconds displaying 00 and the other digits 
blanked. This display always indicates that the stopwatch is 
ready to go. 

The display can be turned off in any mode by connecting 
the CHIP ENABLE input to Vno- 
START/STOP/RESET MODE 

When the MODE input Is floatirrg and the DISPLAY input 
is floating or connected to Vdd the circuit is in the Start/ 
Stop/Reset mode. (Figure 4). 



The Start/Stop/Reset mode can be used for single event 
timing in a one-button stopwatch; an additional switch can 
be used to provide an instant reset. To time another event, 
the display must be reset before the start of the event. 
Seconds will be displayed after one second, minutes after 
one minute. The range of the stopwatch is 59 minutes 59.99 
seconds, and If an event exceeds one hour, the number of 
hours must be remembered by the user. Leading zeroes are 
not blanked after one hour. 
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TAYLOR OR SEQUENTIAL MODE 

When the MODE input is connected to Vss. the stop- 
watch is in the Taylor or Sequential mode. (Figure 5). 

,Each split time is measured from zero In the Taylor mode; 
i,e., after stopping the watch, the counters reset momentari- 



ly and Start counting the next inten/al. The time displayed is 
that elapsed since the last activation of START/STOP. The 
display is stationary after the first interval unless the display 
unlock is used, by connecting the DISPLAY input to Vss. to 
show the running clock. RESET can be used at any time. 



7-33 
Note: All typical values have been guaranteed by charactenzation and are not tested. 



V. ICM7215 



















nn 
uu 




nj oo ' 

;UL JU J 




jnui 

LU II 




START 


STOP 


START 




RESET 


CLOCK AND DISPLAY STOPS 

PRESS •'"•^VOO^'N* ^,, CLOCK STOPS ^^^^ 

TART/STOP START/STOP START/STOP 

ONCE ONCE ONCE 
















JU '0 




iC ID 




nn 
uu 




STOP 








CLOCK AND 
DISPLAY COUNTING 

PRESS 

START/STO 

ONCE 


DISPLAY STOPS RESET 
CLOCK STOPS 

P PRESS 
RESET 

Figure 7: Time-Out Mode 








LD00880I 



SPLIT MODE 

When the MODE input is connected to Vdd the stop- 
watch is in the Split mode. (Figure 6). 

The Split mode differs from the Taylor in that the lap 
times are cumulative in the Split mode. The counters do not 
reset or stop after the first start until RESET is activated. 
Time displayed is the cumulative time elapsed since the first 
Start after reset. Display unlock can be used, by connecting 
the DISPLAY input to Vss. to let the display 'catch up' with 
the clock, and RESET can be used at any time. 

TIME OUT MODE 

When the MODE input is floating and the DISPLAY input 
is tied to Vss. the stopwatch is in the Time-out mode. 
(Figure 7). 

In the Time-out mode the clock and display alternately 
start and stop with activations of the START/STOP switch. 
RESET can be used at any time. The display unlock button 
is bypassed In this mode. 

APPLICATION NOTES 

LOW BATTERY INDICATOR 

The on-chip low battery indicator is intended for use with 
a small LED or the decimal points on a standard LED 
display. The output is the drain of a p-channel transistor 
two-thirds the size of the segment drivers which will typically 
source 2mA of current. The threshold voltage is approxi- 
mately 2.5 volts at room temperature. Normal AA type 
batteries will provide many hours of accurate timekeeping 
after the indicator comes on, however the wide voltage 
spread between the LBJ threshold voltage and minimum 
operating voltage is required to guarantee low battery 
indication under worst case conditions. 
CHIP ENABLE 

The CHIP ENABLE input is used to disable both segment 
and digit drivers without affecting any of the functions of the 
device. When the CHIP ENABLE input is floating or 
connected to Vss. the display is enabled, and when the tied 
to Vdd the display is turned off. One example of the many 
possible uses of this feature is driving one display from two 
ICM7215 devices, one in the split mode and the other in the 



Taylor mode. The circuit, Figure 8, shows how the user can 
obtain lap and cumulative readings of the same event. 
SWITCH CHARACTERISTICS 

The ICM7215 is designed for use with SPST switches 
throughout. On the DISPLAY and RESET inputs the charac- 
teristics of the switches are unimportant, since the circuit 
responds to a logic level held for any length of time however 
short. Switch bounce on these inputs does not need to be 
specified. The START/STOP input, however, responds to 
an edge and so requires a switch with less than 15ms df 
switch bounce. The bounce protection circuitry has been 
specifically designed to let the circuit respond to the first 
edge of the signal, so as to preserve the full accuracy of the 
system. 
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LATCHUP CONSIDERATIONS 

Due to the inherent structure of junction isolated CMOS 
devices, the circuit can be put in a latchup mode if large 
currents are Injected into device Inputs or outputs. For this 
•'eason special care should be ta,ken in a system with 
multiple power supplies to prevent voltages being applied to 
inputs and/or outputs before power is applied to the 7215. If 
only inputs are affected, latchup can also be prevented by 
limiting the current into the input terminal to less than 1 mA. 
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ICM7215 

OSCILLATOR DESIGN 

The oscillator of the ICM7215 includes all components 
on chip except the 3.2768MHz crystal and the trimming 
capacitor. The oscillator input capacitance has a nominal 
value of 30pF, and the circuit is designed to work with a 
crystal with a load capacitance of approximately 1 5pF. If the 
crystal has characteristics as shown in the Typical Perfor- 
mance Characteristics, an 8-40pF trimming capacitor will 
be adequate for a tuning tolerance of ±30PPM on the 
crystal. If thd crystal's static capacitance is significantly 
lower, a narrower trimming range may be selected. 

After deciding on a crystal and a nominal load capaci- 
tance, take the worst case values of Qn, Cout and Rs and 
calculate the g^ required by: 



Qm - <^ Cjn Cout Rs 
Co = static capacitance 



1 + 



Cq (Cjn + Cout) 



Rs = series resistance 

Cjn = input capacitance 

Cout = output capacitance 

o) = 27r X crystal frequency 

The resulting gm should be less than half the gm 
specified for the device. If it is not, a lower value of crystal 



O 

s 

series resistance and/or load capacitance should be speci- ^ 
tied. 01 

OSCILLATOR TUNING 

Tuning can be accomplished by using the 10th or 100th 
seconds with the device reset. The frequency on the 
cathode should be tuned to 1066.667Hz, which is equiva- 
lent to a period of 937.5 microseconds. Note that a 
frequency counter cannot be connected directly to the 
oscillator because of possible loading. 

TEST 

The TEST input is used for high speed testing of the 
device. When the input is pulsed low, a latch is set which 
speeds up counting by a factor of 32; each pulse on the 
TEST input rapidly advances both minutes and seconds in a 
parallel mode. To accurately rapid advance the signal 
applied to the TEST input must be free of switch bounce. 
The circuit is taken out of the test mode by using either 
RESET or START/STOP. 

REPLACING THE ICM7205 WITH THE 
ICM7215 

The ICM7215 is designed to be compatible with circuits 
using the ICM7205. If the 7205 is used only in the Split 
mode no changes are required. If the 7205 is used in the 
Taylor mode and the Split-Taylor input (pin 21 ) is left open, 
a jumper from pin 21 to Vss fr^ust be added when 
converting to the 721 5. A jumper may also be needed if the 
7205 is used with a Split/Taylor switch. Once the jumper 
has been added the board can be used with either device. 
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ICM721BA/B/C/D 

8-Diglt Multi-Function 
Frequency Counter/Timer 



GENERAL DESCRIPTION 

The ICM72t6A and B are fully integrated Timer Counters 
with LED display drivers. They combine a high frequency 
oscillator, a decade timebase counter, an 8-decade data 
counter and latches, a 7-segment decoder, digit multiplex- 
ers and 8 segment and 8 digit drivers which directly drive 
large multiplexed LED displays. The counter inputs have a 
maximum frequency of 10MHz in frequency s^nd unit 
counter modes and 2MHz in the other modes. Both inputs 
are digital inputs. In many applications, amplification and 
level shifting will be required to obtain proper digital signals 
for these Inputs. 

The ICM7216A and B can function as a frequency 
counter, period counter, frequency ratio (fA/fe) counter, 
time interval counter or as a totalizing counter. The counter 
uses either a 10MH,z or 1MHz quartz crystal timebase. For 
period and time interval, the 10MHz timebase gives a 0.1 /is 
resolution. In period average and time interval average, the 
resolution can be in the nanosecond range. In the frequen- 
cy mode, the user can select accumulation times of 0.01 
sec, 0.1 sec, 1 sec and 10 sec. With a 10 sec accumulation 
time, the frequency can be displayed to a resolution of 
0.1Hz In the least significant digit. There is 0.2 seconds 
between measurements in all ranges. 

The ICM7216C and D function as frequency counters 
only, as described above. 

All versions of the ICM7216 incorporate leading zero 
blanking. Frequency is displayed in kHz. In the ICM7216A 
and B, time is displayed in /us. The display is multiplexed at 
500Hz with a 12.2% duty cycle for each digit. The 
ICM7216A and C are designed for common anode display 
with typical peak segment currents of 25mA. The 
ICM7216B and D are designed for common cathode 
displays with typical peak segment currents of 12mA. In the 
display off mode, both digit and segment drivers are turned 
off, enabling the display to be used for other functions. 

ORDERING INFORMATION 




PART 
NUMBER 


TEMPERATURE 
RANGE 


PACKAGE 


ICM7216A/D 


-20X to +85X 


DICE 


ICM7216AIJL 


-20*'C to +85"'C 


28 pin CERDIP 


ICM7216B/D 


-20°C to +85''C 


DICE 


ICM7216BIPI 


-20''C to +85X 


28 pin PLASTIC DIP 


ICM7216BIJL 


- 20*^0 to +85°C 


28 pin CERDIP 


ICM7216C/D 


-20°C to +85X 


DICE 


ICM7216CIJL 


-20°C to +85X 


28 pin CERDIP 


ICM7216D/D 


-20X to +85''C 


DICE 


ICM7216DIPI 


-20X to +85°C 


28 pin PLASTIC DIP 


ICM7216DIJL 


-20X to +85X 


28 pin CERDIP 



FEATURES 

ALL VERSIONS: 

• Functions as a Frequency Counter (DC to 
lOMHz) 

• Four Internal Gate Times: 0.01 Sec, 0.1 Sec, 
1 Sec, 10 Sec in Frequency Counter Mode 

• Directly Drives Digits and Segments of Large 
Multiplexed LED Displays (Common Anode and 
Common Cathode Versions) 

• Single Nominal 5V Supply Required 

• Highly Stable Oscillator, Uses 1MHz or 10MHz 
Crystal 

• Internally Generated Decimal Points, Interdigit 
Blanking, Leading Zero Blanking and Overflow 
Indication 

• Display Off Mode Turns Off Display and Puts 
Chip Into Low Power Mode 

• Hold and Reset Inputs for Additional Flexibility 
ICM7216A AND ICM7216B 

• Functions Also as a Period Counter, Unit 
Counter, Frequency Ratio Counter or Time 
Interval Counter 

• 1 Cycle, 10 Cycles, 100 Cycles, 1000 Cycles in 
Period, Frequency Ratio and Time Interval 
Modes 

• Measures Period From O.S/us to 10s 
ICM7216C AND ICM7216D 

• Decimal Point and Leading Zero Blanking May 
Be Externally Selected 
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NOTES 1) FUNCTION INPUT AND INPUT B AVAILABLE ON ICM 7216A/B ONLY. 

2) EXT D.P. INPUT AND MEASUREMENT IN PROGRESS OUTPUT AVAILABLE ON 
ICM 7216C/D ONLY 



Figure 1: Functional Diagram 
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ICM7216A/B/C/D i 

ABSOLUTE MAXIMUM RATINGS 

Maximum Supply Voltage (VpD-Vss) 6.5V Maximum Power Dissipation at 

Maximum Digit Output Current 400mA 70X LOW (ICM7216A & C) 

Maximum Segment Output Current 60mA 0.5W (ICM7216B & D) 

Voltage On Any Input or Operating Temperature Range -20*'C to +85°C 

Output Terminal[1J Vdd + 0-3V to Vss-0.3V Storage Temperature Range -55X to +125°C 

Lead Temperature (Soldering, 10sec) 300°C 

Note: I.The ICM7216 may be triggered into a destructive latchup mode if either input signals are applied before the power supply is applied or if input or 

outputs are forced to voltages exceeding VpD to Vss by more than 0.3 volts. 
Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings only, and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 
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Figure 2: Pin Configurations 



EVALUATION KIT 

The ICM7226 Universal Counter System has all of the 
features of the ICM7216 plus a number of additional 
features. The ICM7226 Evaluation Kit consists of the 



ICM7226AIJL (Common Anode LED Display), a 10MHz 
quartz crystal, eight 7 segment 0.3" LED's, P.C. board, 
resistors, capacitors, diodes, switches, socket: everything 
needed to quickly assemble a functioning ICM7226 Univer- 
sal Counter System. 
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ICM7216A/B/C/D 



ELECTRICAL CHARACTERISTICS (ICM7216A/B) 

(Vdd = 5.0V ±5%, Vss = 0» Ta = 25'*C, unless otherwise specif ieci,) 



■ill 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 




ICM7216A/B 








•' , , 




IDD 


Operating Supply Current 


Display Off, Unused Inputs to Vss 




2 


5 


mA 


VSUPPLY 


Supply Voltage Range (Vqd-Vss) 


-20'C<Ta< +85°C, input A, 
INPUT B Frequency at fmax 


4.75 




6.0 


V 


fA(max) 


Maximum Frequency 
INPUT A, Pin 28 


-20°C<Ta< +85°C 

4.75 < Vdd ^ 6.0V, Figure 3, 

Function = Frequency, Ratio, Unit 

Counter 

Function = Period, Time Interval 


10 
2.5 






MHz 
MHz 


tB(max) 


Maximum Frequency 
INPUT B, Pin 2 


~20°C<Ta< +85°C 
4 75 < Vdd ^ 6 ov, 
Figure 4 


2.5 




.>, 


MHz 




Minimum Separation 
INPUT A to INPUT B 
Time Interval Function 


-20X<Ta< +85''C 
4.75 < Vdd ^ 6.0V, 
Figure 5 


250 






ns 


fosc 


Maximum Osc. Freq. and Ext. 
Osc. Frequency 


-20'C<Ta< +85°C 
4.75 < Vdd ^ 6.0V 


10 






MHz 


^osc 


Minimum Ext. Osc. Freq. 








100 


kHz 


gm 


Oscillator Transconductance 


Vdd = 4.75V, Ta= +85°C 


2000 






MS 


^mux 


Multiplex Frequency 


fosc = 10MHz 




500 




Hz 




Time Between Measurements 


fosc = 10MHz 




200 




ms 


ViNL 
V|NH 


Input Voltages- 
Pins 2,13,25,27,28 
Input Low Voltage 
Input High Voltage 


-20°C<Ta< +85°C 


3.5 




1.0 

■ 


V 
V 


Bin 


Input Resistance to Vqd 
Pins 13,24 


V|N = Vdd-1-0V 


100 


400 




ka 


l|LK 


Input Leakage- 
Pin 27,28,2 








20 


ma 


dV|N/dt 


Input Range of Change 


Supplies Well Bypassed 




15 




mV/MS 




iCM7216A 












lOH 
lOL 


Digit Driver: 
Pins 15,16,17,19,20,21,22,23 
High Output Current 
Low Output Current 


Vout = Vdd -2.0V 
Vout = Vss + 1-0V 


-140 


-180 
+ 0.3 




mA 
mA 


lOL 
lOH 


SEGment Driver: 
Pins 4,5,6,7,9,10,11,12 
Low Output Current 
High Output Current 


VoUT = Vss + 1.5V 

Vout = Vdd -2.5V 


20 


35 
-100 




mA 

mA 


VirJL 
V|NH 
R|N 


Multiplex Inputs: 
Pins 1,3,14 
Input Low Voltage 
Input High Voltage 
Input Resistance to Vss 


V|N = VsS+1-0V 


20 
50 


100 


0.8 


V 
V 




ICM7216B 












lOL 

'oh 


Digit Driver: 
Pins 4,5,6,7,9,10,11,12 
Low Output Current 
High Output Current 


Vout = Vss + 1.3V 
VouT = Vdd -2.5V 


50 


75 
-100 




mA 

mA 


ISLK 


SEGment Driver. 
Pins 15,16,17,19,20.21,22,23 
High Output Current 
Leakage Current 


VouT = Vdd-2.0V 

Vout = Vdd -2.5V 


-10 




10 


mA 

mA 


ViNL 
ViNH 
R|N 


Multiplex Inputs: 
Pins 1,3,14 
Input Low Voltage 
Input High Voltage 
Input Resistance to Vdd 


V|N = Vdd -2.5V 


Vdd -0.8 

100 


360 


Vdd -2.0 


V 
V 
kO 
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ELECTRICAL CHARACTERISTICS (ICM72T6C/D) 

(Vdd = 5.0V ±5%, Vss = 0, Ta = ZS'C, unless otherwise specified.) 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 




ICM7216C/D 












IDD 


Operating Supply Current 


Display Off, Unused Inputs to Vss 




2 


5 


mA 


VSUPPLY 


Supply Voltage Range (Vqd-Vss) 


-20°C<Ta< +85°C, input a 
Frequency at fmax 


4.75 




6.0 


V 


*A(max) 


Maximum Frequency 
INPUT A, Pin 28 


-20''C<Ta< +85°C 
4.75 < Vdd < 6.0V, Figure 3 


10 






MHz 


fosc 


Maximum Osc. Freq. and Ext. 
Osc. Frequency 


-20°C<Ta< +85°C 
4.75 < Vdd < 6.0V 


10 






MHz 


fosc 


Minimum Ext. Osc Freq. 








100 


kHz 


Om 


Oscillator Transconductance 


Vdd = 4.75V, Ta= +85°C 


2000 






MS 


^mux 


Multiplex Frequency 


fosc = 10MHz 




500 




Hz 




Time Between Measurements 


fosc = 10MHz 




200 




ms 


ViNL 
ViNH 


Input Voltages: 
Pins 12,27,28 
Input Low Voltage 
Input High Voltage . 


-20°C<Ta< +85°C 


3.5 




1.0 


V 
V 


R|N 


Input Resistance to Vqd 
Pins 12.24 


ViN = Vdd -1.0V 


100 


400 




k^ 


l|LK 


Input Leakage 
Pin 27, Pin 28 








20 


HA 


lOL 


Output Current 
Pin 2 


Vol = + ■4V 


0.36 






mA 


lOH 


VoH = Vdd -0.8V 


265 






ma 


dV|N/dt 


Input RatjB 
of Change 


Supplies Well Bypassed 




• 15 




mV/jus 




ICM7216C 












lOH 
lOL 


Digit Driver: 
Pins 15,16,17,19,20,21,22,23 
High Output Current 
Low Output Current 


Vout = Vdd -2.0V 

V0UT= Vss + 1.0V 


-140 


-180 
0.3 




mA 
mA 


lOL 
lOH 


SEGment Driver: 
Pins 3,4,5.6,8,9,10,11 
Low Output Current 
High Output Current 


VoUT = Vss + 1.5V 
V0UT = Vdd -2.5V 


20 


30 
-100 




mA 
HA 


ViNL 
ViNH 
R|N 


Multiplex Inputs: 
Pins 1,13,14 
Input Lpw Voltage 
Input High Voltage 
Input Resistance to Vss 


V|N= +1.0V 


2.0 
50 


100 


0.8 


V 
V 




ICM7216D 












lOL 
lOH 


Digit Driver: 
Pins 3,4,5,6,8,9,10,11 
Low Output Current 
High Output Current 


VoUT=+1-3V 
V0UT = Vdd -2.5V 


50 


75 
100 




mA 

mA 


«OH 
ISLK 


SEGment Driver: 
Pins 15,1 6, 17,1 9,20,21, ??.?3 
High Output Current 
Leakage Current 


VouT- Vdd -2.0V 

V0UT = Vdd -2.5V 


10 


15 


10 


mA 
HA 


V|NL 
ViNH 
R|N 


Multiplex Inputs: 
Pins 1,13,14 
Input Low Voltage 
Input High Voltage 
Input Resistance to Vqd 


ViN = Vdd -1.0V 


Vdd -0.8 

100 


360 


Vdd -2.0 


V 
V 
k^ 
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TYPICAL PERFORMANCE CHARACTERISTICS 

ICM7216A & C Typical Iqig vs. Vdd -Vqut. 
4.5 < Vdd ^ 6.0V 




VOD - VouT (VOLTS) 

OP04012I 

ICM7216A & C Typical Iseg vs. Vqut 



ICM7216B & D Typical IsEG vs. Vdd ~VouT> 
4.5 < Vdd ^ 6.0V 





•/A 

1 y^ 


\/ 





Vdd - VouT (VOLTS) 



ICM7216B & D Typical Idigit vs. Vqut 



O 

s 

10 

■lb 

> 
o 



Ta - 25"C 


vdo-« 

VPD- 5.0V ^ 


.6V ^^-^ 


, 


y: 

^ 


'^""""' 


/ 


VDa-*-5V 




/ 







VouT (VOLTS) 






.».c^ 


./; 




.25-C ^^' 


+85°C 


/ 
/ 






I^ 


Vdd 


-5 0V 





vqd- 


6 5V 


VOD- 






A 


Vdd- 4 5 


1 


/ 




Ta « 25 C 



VouT (VOLTS) 

(b) 



VouT (VOLTS) 
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e ICM7216A/B/C/D 



SOfmi^DiL 






4 5V- 
5V 



COUNTED 
TRANSITIONS 



^n. 



Figure 3: Waveform for Guaranteed 

Minimum f A(max) Function = Frequency, 

Frequency Ratio, Unit Counter. 



INPUT A OR 
INPUT B 



4 5V- 
0.5V 



■^. 



^. 



t, = tf = 10 n 



Figure 4: Waveform for Guaranteed 

i\/linimum fB(max) and fA(max) for 

Function = Period and Time interval. 



TIME INTERVAL MEASUREMENT 

The ICM7216A/B can be used to accurately measure the 
time interval between two events. With a 10MHz time-base 
crystal, the time between the two events can be as long as 
ten seconds. Accurate resolution In time interval measure- 
ment is IdOns. 

The feature operates with Channel A going low at the 
start of the event to be measured, followed by Channel B 
going low at the end of the event. 

When in the time Interval mode and measuring a single 
event, the ICM7216A/B must first be "primed" prior to 
measuring the everit of interest. This Is done by first 
generating a negative going edge on Channel A followed by 
a negative going edge on Channel B to start the "measure- 
ment interval." The inputs are then primed ready for the 
measurement. Positive going edges on A and B, before or 
after the priming, will be needed to restore the original 
condition. 



This can be easily accomplished with the following circuit: 
(Figure 5). 



I 



|~ |»iiSil 



VDO 

1N014 ±r.i 



:)E>— 



~ )I^ — "~" 



^^_l_{^.,^^. 



I' 



■i^ 



DEVICE 


TYPE 


1 
2 


CD4049B Inverting Buffer 
CD4070B Exclusive-OR 



Figure 5: Priming Circuit, Signal A&B High 
or Low. 



Following the priming procedure (when In single event or 
1 cycle range input) the device is ready to measure one 
(only) event. 

When timing repetitive signals, It is not necessary to 
"prime" the ICM7216A/B as the first alternating signal 
states automatically prime the device. See Figure 5. 

During any time interval measurement cycle, the 
ICM7216A/B requires 20Qms following B going low to 
update all internal logic. A new measurement cycle will not 
take place until completion of this internal update time. 



7-42 
Note: All typical values have been guaranteed by characterization and are not tested. 



ICM7216A/B/C/D 



10 

> 

o 
o 
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- MEASUREMENT INTERVAL - 



/ » PRIMING E 



7VZ 






PRIMING EDGES - 



yxz: 



TXMtU 



\ 2S0nsMIN | 
_. MEASURED 
INTERVAL 
(FIRST) 




MEASURED 
INTERVAL 

(LAST) 



NOTE. IF RANGE IS SET TO 1 EVENT, FIRST AND LAST MEASURED INTERVAL WILL COINCIDE. 

Figure 6: Waveforms for Time Interval Measurement 
(Others are similar, but without priming phase). 



FUNCT'OM 
GENERATOR 



FUNCTION 
GENERATOR 



X 




r« 



SISET 



•-. 



LED 
OVERFLOW 
INDICATOR 



[* 



vdd 
o 



n. 



lOKn 



Di 




o 03 

*> 04 
-iO» 



TYPICAL CRYSTAL SPECS 

F - 10 MHt PARALLEL RESONANCE 

Cl = 22|>F 

R$-<36n 



o 0, 

-►07 

Ot 



OiO- 



lOKA 
— ^^r- 



02 




.01/1 
.1/10 



1/100 
10/1 K 



%BB.BEB.B.B.B 

h D« I 07 I 0« I 0« I 04 I 03 I 02 I Oi 



Figure 7: Test Circuit (7216A shown; others similar) 
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Overflow will be indicated on the decimal point output of digit 8. 


A separate LED overflow indicator can be connected as follows 




8 
3 




LC01790I 


CATHODE ANODE 

ICM7216A/C DEC. PT. Ds 
ICM7216B/D Ds DEC. PT. 




Figure 8: Segment Identification and Display Font 



DETAILED DESCRIPTION 
INPUTS A and B 

INPUTS A and B are digital inputs with a typical switching 
threshold of 2.0V at Vqd = 5.0V. For optimum performance 
the peak-to-peak input signal should be at least 50% of the 
supply voltage and centered about the switching voltage. 
When these inputs are being driven from TTL logic, it is 
desirable to use a pullup resistor. The circuit counts high to 
low transitions at both inputs. (INPUT B is available only on 
ICM7216A/B). 

Note: The stmplitude of the jnput should not exceed the supply, othenvise, 
the circuit may be damaged. 

Multiplexed Inputs 

The FUNCTION, RANGE, CONTROL and EXTERNAL 
DECIMAL FOINT inputs are time multiplexed to select the 
input function desired. This is achieved by connecting the 
appropriate Digit driver output to the inputs. The input 
function, range and control inputs must be stable during the 
last half of each digit output, (typically 1 25jlis). The multiplex 
inputs are active high for the common anode ICM7216A 
and C and active low for the common cathode ICM7216B 
and D. 

Noise on the multiplex inputs can cause improper opera- 
tion. This is particularly true when the unit counter mode of 
operation is selected, since changes in voltage on the digit 
drivers can be capacitively cou|Jled through the LED diodes 
to the multiplex inputs. For maximum noise immunity, a 
10kS^ resistor should be placed in series with the multiplex 
inputs as shown in the application circuits. 

Table 1 shows the functions selected by each digit for 
these inputs. 

CONTROL INPUT Functions 

Display Test — All segments are enabled continuously, 
giving a display of all 8's with decimal points. The display 
will be blanked if Blank Display is selected at the same time. 

Display Off — To disable the drivers, it is necessary to 
tie D4 to the CONTROL INPUT and have the HOLD input at 



Vdd- The chip will remain in this "Display Off" mode until 
HOLD is switched back to Vss- While in the "Display Off" 
mode, the segment and digit driver outputs are open, the 
oscillator continues to run with a typical supply current of 
1.5mA with a 10MHz crystal, and no measurements are 
made. In addition, inputs to the multiplexed inputs will have 
no effect. A new measurement is initiated when the HOLD 
input is switched to Vss- Segment and Digit Drive outputs 
may thus be bussed to drive a common display (up to 6 
circuits). 

1MHz Select — The 1MHz select mode allows use of a 
1MHz crystal with the same digit multiplex rate and time 
between measurements as with a 10MHz crystal. The 
decimal point is also shifted one digit to the right in Period 
and Time Interval, since the least significant digit will be in 
MS increments rather than 0.1 jus increments. 

External Oscillator Enable -r In this mode the EXTEFt- 
NAL OSCILLATOR INPUT is used instead of the on-chip 
oscillator for Timebase input and Main Counter input in 
period and time interval modes. The on-chip oscillator will 
continue to function when the external oscillator is selected. 
The external oscillator input frequency must be greater than 
100kHz or the chip will reset itself to enable the on-chip 
oscillator. OSCillator INPUT (pin 25) must also be connect- 
ed to EXT.OSC. input when using EXT.OSC. Input. 

External Decimal Point Enable — When external deci- 
mal point is enabled a decimal point will be displayed 
whenever the digit driver connected to EXTERNAL DECI- 
MAL POINT input is active. Leading Zero Blanking will be 
disabled for all digits following the decimal point (7216C/D 
only). 
RANGE INPUT 

The RANGE INPUT selects whether the measurement is 
made for 1, 10, 100, 1000 counts of the reference counter. 
In all functional modes except unit counter a change In the 
RANGE INPUT will stop the measurement in progress 
without updating the display and then initiate a new 
measurement. This prevents an erroneous first reading 
after the RANGE INPUT is changed. 
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Table 1: Multiplexed Input Functions 





FUNCTION 


DIGIT 


FUNCTION INPUT 


Frequency 


Di 


Pin 3 


Period 


Ds 


(ICM7216A & B 


Frequency Ratio 


D2 


Only) 








Time Interval 


D5 




Unit Counter 


D4 




Oscillator 


D3 




Frequency 




RANGE INPUT 


.01 sec/1 Cycle 


Di 


Pin 14 


.1 sec/ 10 Cycles 


D2 




1 sec/ 100 Cycles 


D3 




10 sec/ IK Cycles 


D4 


CONTROL INPUT 


Blank Display 


D4 and Hold 


Pin 1 


Display Test 


Ds 




1 MHz Select 


D2 




External Oscillator 


Di 




Enable 






External Decimal 


D3 




Point Enable 




EXT. D.P. INPUT 


Decimal point is output for same 


Pin 13, ICM7216C 


digit that is connected to this input 


& D Only 





FUNCTION INPUT 

The six functions that can be selected are: Frequency, 
Period, Time interval. Unit Counter, Frequency Ratio 
and Oscillator Frequency. This input is available on the 
ICM7216A and B only. 

These functions select which signal is counted into the 
Main Counter and which signal is counted by the Reference 
Counter, as shown in Table 2. In ail cases, only 1^0 
transitions are counted or timed. In time interval, a flip-flop 
is toggled first by a 1 -*0 transition of INPUT A and then by a 
1 -^0 transition of INPUT B. The dscillator is gated into the 
Main Counter from the time INPUT A toggles the flip-flop 
until INPUT B toggles it. In unit counter mode, the main 
counter contents are continuously displayed., A change in 
the FUNCTION INPUT will stop the measurement in prog- 
ress without updating the display and then initiate a new 
measurement. This prevents an erroneous first reading 
after the FUNCTION INPUT is changed. 

Table 2: 7216A/B Input Routing 



DESCRIPTION 


MAIN COUNTER 


REFERENCE 
COUNTER 


Frequency (fA) 


Input A 


100 Hz (Oscillator 
^10^ or 10"^) 


Period (tA) 


Oscillator 


Input A 


Ratio (fA/fe) 


Input A 


Input B 


Time Inten/al 
(A^B) 


Osc«(Time 
Interval FF) 


Time Interval FF 


Unit Counter 
(Count A) 


Input A 


Not Applicable 


Osc. Freq. 
(fosc) 


Oscillator 


100 Hz (Oscillator 
^ 10^ or 10"^) 



EXTernal DECimal Point INput 

When the external decimal point is selected this input is 
active. Any of the digits, except De, can be connected to 
this point. Da should not be used since it will override the 
overflow output and leading zeros will remain unbianked 



after the decimal point. This input is available on the 
ICM7216C and D only. 

HOLD Input — Except in the unit counter mode, when 
the HO LD Input is at Vdd. any measurement in progress 
(before STORE goes low) is stopped, the main counter is 
reset and the chip is held ready to initiate a new measure- 
ment as soon as HOLD goes low. The latches which hold 
the main counter data are not updated, so the last complete 
measurement is displayed. Ih unit counter mode when 
HOLD input is at Vpo. the counter is not stopped or reset, 
but the display Is frozen at that instantaneous value. When 
HOLD goes low the count continues from the new value in 
the counter. 



O 

SB 

■4 

0) 

> 

o 
o 



RESET Input -- The RESET inpgt resets the main count- 
er, stops any measurement in progress, and enables the 
main counter latches, resulting in an ail zero output. A 
capacitor to ground will prevent any hang-ups on power-up. 

DISPLAY CONSIDERATIONS 

The display is multiplexed at a 500Hz rate with a digit time 
of 244 jus. An interdigit blanking time of 6 jus is used to 
prevent ghosting between digits. The decimal point and 
leading zero blanking assume right hand decimal point 
displays, and zeros following the decimal point will not be 
blanked. Also, the leading zero blanking will be disabled 
when the Main Counter overflows. Overflow is Indicated by 
the decimal point on digit 7 turning on. 

The iCM7216A and C are designed to drive common 
anode LED displays at peak current of 25mA/segment, 
using displays with Vp = 1 .8V at 25mA. Thfe average DC 
current will be over 3mA under these conditions. The 
ICM7216B and D are designed to drive common cathode 
displays at peak current of 15mA/segment using displays 
with Vp = 1 .8V at 1 5mA. Resistors can be added in series 
with the segment drivers to limit the display current in very 
efficient displays, if required. The Typical Performance 
Characteristics curves show the digit and segment currents 
as a function of output voltage. 

To get additional brightness out of the displays, Vdd ^^y 
be increased up to 6.0V. However, care should be taken to 
see that maximum power and current ratings are not 
exceeded. 

The segment and digit outputs in ICM7216's are not 
directly compatible with either TTL or CMOS logic when 
driving LEDs. Therefore, level shifting with discrete transis- 
tors may be required to use these outputs as logic signals. 

ACCURACY 

In a Universal Counter crystal drift and quantization 
effects cause errors. In frequency, period and time 
interval modes, a signal derived from the oscillator is used 
in either the Reference Counter or Main Counter. Therefore, 
in these modes an error in the oscillator frequency will 
cause an identical error in the measurement For instance, 
an oscillator temperature coefficient of 20ppm/°C will 
cause a measurement error of 20ppm/°C. 

In addition, there is a quantization error inherent in any 
digital measurement of ±1 count. Clearly this error is 
reduced by displaying more digits. In the frequency mode 
the maximum accuracy is obtained with high frequency 
inputs and in period mode maximum accuracy is obtained 
with low frequency inputs. As can be seen in Figure 9, the 
least accuracy will be obtained at 10kHz. In time interval 
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1^ 



ICM72i6A/B/C/D 

measurements there can be an error of 1 count per interval. 
As a result there is the same inherent accuracy in all ranges 
as ^hown in Figure 10. In frequency ratio measurement 
can be more accurately obtained by averaging over more 
cycles of INPUT B as shown in Figure 11. 



n 



52 




10 103 105 

FREQUENCY (Hz) 



Figure 9: l\/laximum Accuracy of 

Frequency and Period Measurements Due 

to Limitations of Quantization Errors 
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Figure 10: Maximum Accuracy of Time 

Interval Measurement Due to Limitations 

of Quantization Errors 
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Figure 11: Maximum Accuracy for 

Frequency Ratio Measurement Due to 

Lmitation of Quantization Errors 
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Figure 12: 10MHz Universal Counter 



CIRCUIT APPLICATIONS 

The ICM7216 has been designed for use in a wide range 
of Universal and Frequency counters. In many cases, 
prescalers will be required to reduce the input frequencies 
to under 10MHz. Because INPUT A and INPUT B are digital 
inputs, additional circuitry is often required for input buffer- 
ing, amplification, hysterisis, and level shifting to obtain a 
good digital signal. 



The ICM7216A or B can be used as a minimum compo- 
nent complete Oniversaf Counter as shown in Figure 12. 
This circuit can use input frequencies up to 10MHz at 
INPUT A and 2MHz at INPUT B. If the signal at INPUT A 
has a very low duty cycle it may be necessary to use a 
74121 monostable multivibrator or similar circuit to stretch 
the input pulse width to be able to guarantee that it is at 
least 50ns in duration. 
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Figure 13: 40IVIHz Frequency Counter 



To measure frequencies up to 40MHz the circuit of Figure 
13 can be used. To obtain tiie correct measured value, it is 
necessary to divide tlie oscillator frequency by four as well 



as the input frequency. In doing this the time between 
measurements is also lengthened to 800ms and the display 
multiplex rate is decreased to 125Hz. 
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Figure 14: 100MHz Frequency Counter 
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If the input frequency is prescaled by ten, then the 
oscillator can remain at 10 or 1MHz, but the decimal point 
must be moved one digit to the right. Figure 14 shows a 
frequency counter with a -MO prescaler and an ICM7216C. 
Since there is no external decimal point control with the 
ICM7216A/B, the decimal point may be controlled external- 
ly with additional drivers as shown in Figure 1 5. Alternative- 
ly, if separate anodes are available for the decimal points, 



they can be wired up to the adjacent digit anodes. Note that 
there can be one zero to the left of the decimal point since 
the internal leading zero blanking cannot be changed. In 
Figure 1 6 additional logic has been added to count the input 
directly in period mode for maximum accuracy. In Figures 
14 through 16, INPUT A comes from Qc of the prescaler 
rather than Qq to obtain an input duty cycle of 40%. 
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Figure 15: 100MHz Multifunction Counter 



OSCILLATOR CONSIDERATIONS 

The oscillator is g high gain complementary FET inverter. 
An external resistor of 10Mi^ to 22h/\ fl should be connect- 
ed between the OSCIIIator INPUT and OUTPUT tp provide 
biasing. The oscillator is designed to work with a parallel 
resonant 10MHz quartz crystal with a static capacitance of 
22pF and a series resistance of loss than 35 ohms. 

For a specific crystal and load capacitance, the required 
gm can be calculated as follows: 



Qm 



= co^ Cjn Cout Rs 1 + 



Co 12 
Cl 



The required gm should < not exceed 50% of the gm 
specified for the ICM7216 to insure reliable startup. The 
oscillator INPUT and OUTPUT pins each contribute about 
5pF to Cjn and Cout- ^or maximum stability of frequency, Cjn 
and Cout should be approximately twice the specified 
crystal static capacitance. 

In cases where non decade prescalers are used it may be 
desirable to use a crystal which is neither IOMH2 or 1MHz. 
In that case both the multiplex rate and time between 
measurements will be different. The multiplex rate 



where Cl 



( CinCput I 
Qn + Cout/ 



isfi 



fo 



for 1 0MHz mode and fmux = 



fo 



i for the 



Co = Crystal Static Capacitance 
Rs = Crystal Series Resistance 
Cjn = Input Capacitance 
Cout = Output Capacitance 
co=27rf 



2xl04 ^...-^«..^.mux 2x^o3' , 

2x10^ 

1 MHz mode. The time between measurements is — in 

c ^osc 

2x10^ 

the 10MHz mode and in the 1MHz mode. 

^osc 
The crystal and oscillator components should be located 
as close to the chip as practical to minimize pickup from 
other signals. Coupling from the EXTERNAL OSCILLATOR 
INPUT to the OSCILLATOR OUTPUT or INPUT can cause 
undesirable shifts in oscillator frequency. 



7-50 



Note: All typical values have been guaranteed by characterization and are not tested. 



ICM7216A/B/C/D 



> 

o 
o 



FUNCTiON SWITCH 
Onu FREQ 
CLOStO PERIOD 




voo 

o 



-^39pF 



{□H 




I RAMGE 



COMMON ANODE LEO DISPLAY 



SBB.B.B.B.B.B.B.. 

|o« |o7 1 06 los Id, |o3 1 02 lo, 







Figure 16: 100MHz Frequency, 2MHz Period Counter 
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4-Digit LED Display Programmable 
Up/Down Counter 




CM 
N 

s 
o 



GENERAL DESCRIPTION 

The IPM7217 and ICM7227 are four digit, presettable up/ 
down counters, each with an onboard presettable register 
continuously compared to the counter. The ICM7217 ver- 
sions are intended for use In hardwired applications where 
thumbwheel switches are used for loading data, and simple 
SPOT switches are used for chip control. The ICM7227 
versions are for use in processor-based systems, where 
presetting and control functions are performed under pro- 
cessor control. 

These circuits provide multiplexed 7 segment LED dis- 
play outputs, with common anode or common cathode 
configurations available. Digit and segment drivers are 
provided to directly drive displays of up to 0.8" character 
height (common anode) at a 25% duty cycle. The frequency 
of the onboard multiplex oscillator may be controlled with a 
single capacitor, or the oscillator may be allowed to free 
run. Leading zeros can be blanked. The data appearing at 
the 7 segment and BCD outputs is latched; the content of 
the counter is transferred into the latches under external 
control by means of the Store pin. 

The ICM721 7/7227 (common anode) and ICM7217A/ 
7227A (common cathode) versions are decade counters, 
providing a maximum count of 9999, while the ICM7217B, 
7227B (common anode) and ICM7^17C/7227C (common 
cathode) are intended for timing purposes, providing a 
maximum count of 5959. 

These circuits provide 3 main outputs; a CARRY/BOR- 
R OW ou tput, which allows for direct cascading of counters, 
a Z ERO ou tput, which indicates when the count is zero, and 
an EQUAL output, which indicates when the count is equal 
to the value contained in the register. Data is multiplexed to 
and from the device by mea ns of a t hree-st ate BCD I/O 
port. The CARRY/BORROW, EQUAL, ZERO outputs, and 
the BCD port will each drive one standard TTL load. 

To permit operation in noisy environments and to prevent 
multiple triggering with slowly changing inputs, the count 
input is provided with a Schmitt trigger. 

Input frequency Is guaranteed to 2MHz, although the 
device will typica lly run w ith fjn as high as 5MHz. Counting 
and comparing (EQUAL output) wHI typically run 750kHz 
maximum. 



FEATURES 

• Four Decade, Presettable Up-Down Counter With 
Parallel Zero Detect 

• Settable Register With Contents Continuously 
Compared to Counter 

• Directly Drives Multiplexed 7 Segment Common 
Anode or Common Cathode LED Displays 

• On-Board Multiplex Scan Oscillator 

• Schmitt Trigger On Count Input 

• TTL Compatible BCD I/O Port, Carry/Borrow, 
Equal, and Zero Outputs 

• Display Blank Control for Lower Power 
Operation; Quiescent Power Dissipation < 5mW 

• All Terminals Fully Protected Against Static 
Discharge 

• Single 5V Supply Operation 



ORDERING INFORMATION 




PART 
NUMBER 


PACKAGE 


DISPLAY 
OPTION 


COUNT 

OPTION 

MAX COUNT 


ICM7217IJI 


28 Lead CERDIP 


Common Anode 


Decade/9999 


ICM7217AIPI 


28 Lead PLASTIC 


Common Cathode 


Decade/9999 


ICM7217BIJI 


28 Lead CERDIP 


Common Anode 


Timer/5959 


ICM7217CIPI 


28 Lead PLASTIC 


Common Cathode 


Timer/5959 


ICM7227IJI 


28 Lead CERDIP 


Common Anode 


Decade/9999 


ICM7227AIPI 


28 Lead PLASTIC 


Common Cathode 


Decade/9999 


ICM7227BIJI 


28 Lead CERDIP 


Common Anode 


Timer/5959 


ICM7227CIPI 


28 Lead PLASTIC 


Common Cathode 


Timer/5959 


ICM7217/D 


DICE 


Common Anode 


Decade/9999 


ICM7217A/D 


DICE 


Common Cathode 


Decade/9999 


ICM7217B/D 


DICE 


Common Anode 


Timer/5959 


ICM7217C/D 


DICE / 


Common Cathode 


Timer/5959 


ICM7227/D 


DICE 


Common Anode 


Decade/9999 


ICM7227A/D 


DICE 


Common Cathode 


Decade/9999 


ICM7227B/D 


DICE 


Common Anode 


Timer/5959 


ICM7227C/D 


DICE 


Common Cathode 


Timer/5959 
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Figure 1: ICM7217 Functional Diagram 
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Figure 2: 101^7227 Functional Diagram 
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ICM7217/ICM7227 

ABSOLUTE MAXIMUM RATINGS 



Jj Supply Voltage (Vdd - Vss) • 6V 

jj Input Voltage (any terminal) Vss +0-3V, 

*" Vss -0-3V Note 2 

Power Dissipation (common anode/Cerdlp) ...1W Note 1 



M 



Power Dissipation (common cathode/ Plastic) 0.5W 

Note 1 

Operating temperature Range -25°C to +85°C 

Storage Temperature Range -55X to +125°C 

Lead Temperature (Soldering, 10sec) 300**C 

NOTE: Stresses above those listed under "Absolute Maximum Ratings" may cause perrnanent device failure. These are stress ratings only and functional 
operation of the devices at these or any other conditions above those indicated in the operation sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may cause device failures. 



CARRY/BORROW 



EQUAL 

BCD I/O 8'8 

BCD I/O 4's 

BCD I/O 2's 

BCDI/01'S 

COUNT INPUT 

STORE 

UP/B5WN 

SCI 

SC2 



DATA TRANSFER 



T 
n 

12 
14 



ICM7227 
ICM7227B 




CARRY/BORROW 

W^ 

EdUAL 

BCD I/O 8'8 

BCD I/O 4's 

BCD I/O 2's 

BCD I/O 1's 

COUNT INPUT 

STORE 

UP/DOWN m. 

SClQ^ 

SC2ri2 

DATA TRANSFER ^ 



ICM7227A 
ICM7227C 




COMMON ANODE COMMON CATHODE 

Figure 3: Pin Configurations (Outline dwgs Ji, PI) 



ELECTRICAL CHARACTERISTICS (Vdd = 5V ±io%. 

otherwise specified) 



Vss = OV, Ta==25X, Display Diode Drop 1.7V, unless 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


IDD 
(7217) 


Supply Current 
(Lowest power mode) 


Display Off. LC, DC, UP/DN. 

ST. RS. BCD I/O Floating or at Vdd (Note 3) 




350 


500 


mA 


•dd 

(7227) 


Supply current 
(Lowest power mode) 


Display off (Note 3) 




300 


500 


/uA 


IQP 


Supply Current 
OPERATING 


Common Anode, Display On. all "8's" 


140 


200 




mA 


Common Cathode, Display On, all "8's" 


50 


100 




mA 


Vdd 


Supply Voltage 




4.5 


5 


5.5 


V 


'dig 


Digit Driver output 
current 


Common anode, Vout = Vdd -2.0V 


140 


200 




mA 
peak 


ISEG 


SEGment driver 
output current 


Common anode, VouT= +1.5V 


-20 


-35 




mA 
peak 


'dig 


Digit Driver 
output current 


Common cathode, Vqut = + 1 -OV 


-50 


-75 




mA 
peak 


ISEG 


SEGment driver 
output current 


Common cathode Vqut = Vdd -2V 


9 


12.5 




mA 
peak 


IP 


ST, RS. UP/DN input 
puilup current 


Vqut = Vqd -2V (See Note 3) 


5 


25 




fxA 


Z|N 


3 level input impedance 




40 




75 


kn 


Vbih 


BCD I/O input 
high voltage 


ICM7217 common anode (Note 4) (Vdd = 5.0V) 


1.5 






V 


ICM7217 common cathode (Note 4) 


4.40 






V 


,ICM7227 with 50pF effective load 


3 






V 


Vbil 


BCD I/O input 
low voltage 


ICM7217 common anode (Note 4) (Vdd = 5.0V) 






0.60 


V 


ICM7217 common cathode (Note 4) 






3.2V 


V 


ICM7227 with 50pF effective load 






1.5 


V 
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ICM7217/1CM7227 

ELECTRICAL CHARACTERISTICS (CONT.) 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


'bpu 


BCD i/0 input 

pullup current ' , 


ICM7217 common cathode V|n = Vdd -2V (Note 3) 


5 


25 




mA 


Ibpd 


BCD I/O input 
pulldown current 


ICM7217 common anode V|n = +2V (Note 3) 


5 


25 




mA 


V6h 


BCD I/O, ZERO, EQUAL Outputs 
output high current 


Ioh = 100mA 


3.5 






V 


Vol 


BCD I/O. CARRY/BORROW 


lOL = - 1 -SmA 






0.4 


V 


ZERO, EQUAL Outputs 
output low current 


f.n 


Count input frequency 
(Guaranteed) 


Vdd = 5V± 10%, -20°C < Ta < + 70°C 





5 


2 


MHz 


VjH 


Count input threshold 


Vdd = 5V (Note 5) 




2 




V 


Vhys 


Count input hysteresis 


Vdd = 5V (Note 5) 




0.5 




V 


VCIL 


Count input LO 


Vdd = 5V 


0.40 






V 


VCIH 


Count Input HI 


Vdd = 5V 






3.5 


V 


fds 


Display scan 
oscillator frequency 


Free-running (SCAN terminal open circuit) 






10 


kHz 


Ta 


Operating Temperature 
Range 


Industnal temperature range 


-25 




+ 85 


- °C 



o 

10 



10 
10 



NOTES: 1. These limits refer to the package and will not be obtained during normal operation. 

2. Due to the SCR structure inherent in the CMOS process used to fabncate these devices, connecting any terminal to a voltage 
greater than Vdd or 'ess than Vss nnay cause destructive device latchup. For this reason it is recommended that the power supply 
to the device be established before any inputs are applied and that in multiple systems the supply to the ICM721 7/7227 be turned 
on first 

3. In the IGM7217 the UP/DOWN, STORE, RESET and the BCD I/O as inputs have pullup or pulldown devices which consume power 
when connected to the opposite supply. Under these conditions, with the display off, the device will consunfie typically 750 nA. The 
ICM7227 devices do not have these pullups or pulldowns and thus are not subject to this condition. 

4. These voltages are adjusted to allow the use of thumbwheel switches for the ICM7217 versions. Note that a positive level is taken 
as an input logic zero for ICM7217 common-cathode versions. 

5. Parameters not tested (Guaranteed by Design). 
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Control Word Read - 
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<i-o Io-hVoo 



Figure 4: Test Circuits, showing the ICM7217 in the Common-Anode Version 
and the ICI\/f7227 in the Common-Cathode Version 
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S TYPICAL PERFORMANCE CHARACTERISTICS 
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DETAILED DESCRIPTION 

OUTPUTS 

The CARRY/BORROW output is a positive going pulse 
occurring typically 500ns after the positive going ecige of 
the COUNT INPUT. It occurs when the counter is clocked 
from 9999 to 0000 when counting up and from 0000 to 9999 
when counting down. This output allows direct cascading of 
counters. 



The EQUAL output assumes a negative level when the 
contents of the counter and register are equal. 

The ZERO output assumes a negative level when the 
content of the counter Js 0000. 



The CARRY/BORROW, EQUAL and ZERO outputs will 
drive a single TTL load over the full range of supply voltage 
and ambient temperature; for a logic zero, these outputs will 
sink 1 .6mA @ 0.4V (on resistance 2500), and for a logic 
one, the output s will sou rc e > 60/u A. A 10kl2 pull-up resistor 
to Vdd on the EQUAL or ZERO outputs is recommended 



VqO - Vqut (VOLTS) 

OP04151I 

Typical IsEG vs. Vdd-Vqut, 
4.5 < Vdd -Vss^ 6.0V 



for highest speed operation, and on the CARRY/BORROW 
output when it is being used for cascading. 

The Digit and SEGment drivers provide a decoded 7 
segment display system, capable of directly driving com- 
mon anode LED displays at typical peak currents of 40mA/ 
seg. This corresponds to average currents of 10mA/seg at 
a 25% multiplex duty cycle. For the common cathode 
versions, peak segment currents are 12.5mA, corresponds 
Ing to average segment currents of 3.1mA. Figure 5 shows 
the multiplex timing, while Figure 6 shows the Output 
Timing. The DISPLAY pin controls the display output using 
three level logic. The pin is self-biased to a voltage 
approximately 1 /2 (Vdd); this corresponds to normal opera- 
tion. When this pin is connected to Vdd. the segments are 
inhibited, and when connected to Vss. the leading zero 
blanking feature is inhibited. For normal operation (display 
on with leading zero blanking) the pin may be left open. The 
display may be controlled with a 3 position SPDT switch; 
see Figure 4. 
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Figure 5: Multiplex Timing 



up/oown; 

(ICM7217 ONLY] 



CARRY/BORROW 




SYMBOL 


DESCRrPTION 


MIN 


TYP 


MAX 


UNIT 


tucs 

tuCh 
tCUh 

tcui 

tCB 
tBw 
tCE! 

tczr 


UP/DOWN setup time (mm) 
UP/DOWN hold time (min) 
COUNT pulse high (min) 
COUNT pulse low (mm) 
COUNT to CARRY/ 
BORROW delay 
CARRY/BORROW pulse 
width 




300 


100 
100 
750 

100 
500 
300 


250 
250 


ns 


COUNT to EQUAL delay 
COUNT to ZER5 delay 



Figure 6: ICM7217/27 COUNT and Output Timing 



IVIultipiex SCAN Oscillator 

The on-board multiplex scan oscillator tias a nominal 
free-running frequency of 2.5kHz. This may be reduced by 
the addition of a single capacitor between the SCAN pin 
and the positive supply. Capacitor values and correspond- 
ing nominal oscillator frequencies, digit repetition rates, and 
loading times (for ICM721 7 versions) are shown in Table 1 
below. 

The internal oscillator output has a duty cycle of approxi- 
mately 25:1, providing a short pulse occurring at the 
oscillator frequency. This puls^ clocks the four-state count- 
er which provides the four multiplex phases. The short pulse 



width is used to delay the digit driver outputs, thereby 
providing inter-digit blanking which prevents ghosting. The 
digits are scanned from MSD (D4) to LSD (D1). See Figure 
4 for the display digit multiplex timing. , 

Table 1: ICM72 17 Multiplexed Rate Control 



SCAN 
CAPACITOR 


NOMINAL 
OSCILLATOR 
FREQUENCY 


DIGIT 

REPETITION 

RATE 


SCAN CYCLE 

TIME 

(4 digUs) 


None 


2.5kHz 


' 625Hz 


1.6ms 


2Gpf, 


1.25kHz 


.300Hz 


3.2ms 


90pF 


, 600Hz 


150Hz 


8ms 
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Figure 7: Brightness Control Circuits 



During load counter and load register operations, the 
multiplex oscillator is disconnected from the SCAN input 
and is allowed to free-run. In all other conditions, the 
oscillator may be directly overdriven to about 20kHz, 
however the internal oscillator signal will be of the same 
duty cycle and phase as the overdriving signal, and the 
digits are blanked during the time the external signal is at a 
positive level. To insure proper leading zero blanking, the 
interdigit blanking time should not be less than about 2/us. 
Overdriving the oscillator at less than 200Hz may cause 
display flickering. 

The display brightness may be altered by varying the duty 
cycle. Figure 7 shows several variable-duty-cycle oscillators 
suitable for brightness control at the ICM7217 SCAN input. 
The inverters should be CMOS CD4000 series and the 
diodes may be any inexpensive device such as IN914. 

Counting Control 

As shown in Figure 6, the counter is increment ed by th e 
rising edge of the COUNT INPUT signal w hen UP/DOWN is 
high. It is decremented when UP/DOWN is low. A Schmitt 
trigger on the COUNT INPUT provides hysteresis to prevent 
double triggering on slow rising edges and permits opera- 
tion in noisy environments. The COUNT INPUT is inhibited 
during reset and load counter operations. 



The STORE pin controls the internal latches and conse- 
quently the signals appearin g at the 7-segment and BCD 
outputs. Bringing the STORE pin low transfers the contents 
of the counter into the latches. 

T he coun ter is asynchronously reset to 0000 by bringing 
the RESET pin low. The circuit performs the reset operation 
by forcing the BCD input lines to zero, and "presetting" all 
four decades of counter in parallel. This affects register 
loading; if LOAD REGISTER is activated when the RESET 
input , is l ow, the register will als o be set to zero. The 
STORE, RESET and UP/DOWN pins are provided with 
pullup resistors of approxinriately , 75k^. 

BCD I/O Pins 

The BCD I/O port provides d means of transferring data 
to and from the device. The ICM721 7 versions can multiplex 
data into the counter or register via thumbwheel, switches, 
depending op, Inputs to the LOAD COUNTER or LOAD 
REGISTER pins; (see below). When functioning as outputs, 
the BCD I/O pins will drive one standard TTL load. 
Common anode versions have internal pull down resistors 
and common cathode versions have internal pull up resis- 
tors on the four BCD I/O lines as inputs. 



LOADIng the COUNTER and REGISTER 

The BCD I/O pins, the LOAD COUNTER (LC), and LOAD 
REGISTER (LR) pins combine to provide presetting and 
compare functions. LC and LR are three-level inputs, being 
self-biased at approximately 1 /2Vdd ^o'' normal operation. 
With both LC and LR open, the BCD I/O pins provide a 
multiplexed BCD output of the latch contents, scanned from 
MSD to LSD by the display multiplex. 

When either the LOAD COUNTER (Pin 12) or LOAD 
REGISTER (Pin 11) is taken high, the drivers are turned off 
and the BCD pins become high-impedance inputs. When 
LC is connected to Vdd. the count input is inhibited and the 
levels at the BCD pins are multiplexed into the counter. 
When LR is connected to Vdd. the levels at the BCD pins 
are multiplexed into the register without disturbing the 
counter. When both are connected to Vdd. the count is 
inhibited and both register and counter will be loaded. 

The LOAD COUNTER and LOAD REGISTER inputs are 
edge-triggered, and pulsing them high for 500ns at room 
temperature will initiate a full sequence of data entry cycle 
operations (see Figure 7). When the circuit recognizes that 
either or both of the LC or LR pins input is high, the 
multiplex oscillator and counter are reset (to D4). The 
internal oscillator is then disconnected from the SCAN pin 
and the preset circuitry is enabled. The oscillator starts and 
runs with a frequency determined by its internal capacitor, 
(which may vary from chip to chip). When the chip finishes a 
full 4 digit multiplex cycle (loading each digit from D4 to D3 
to D2 to D1 in turn), it again samples the LOAD REGISTER 
and LOAD COUNTER inputs. If either or both is still high, it 
repeats the load cycle, if both are floating or low, the 
oscillator is reconnected to the SCAN pin and the chip 
returns to normal operation. Total load time is digit "on" 
time multiplied by 4. If the Digit outputs are used to strobe 
the BCD data into the BCD I/O inputs, the input will be 
automatically synchronized to the appropriate digit (Figure 
8). InpMt data must be valid at the trailing edge of the digit 
output. 

When LR is connected to GROUND, the oscillator is 
inhibited, the BCD I/O pins go to the high impedance state, 
and the segment and digit drivers are turned off. This allows 
the display to be used for other purposes and minimizes 
power consumption. In this display off condition, t he circuit 
will co ntinu e to count, and t he C ARRY/B ORROW, EQUAL, 
ZERO, UP/DOWN, RESET and STORE functions operate 
as normal. When LC is connected to ground, the BCD I/O 
pins are forced to the high impedance state without 
disturbing the counter or register. See "Control Input 
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Definitions" (Table 2) for a list of the pins that function as 
three-state self-biased Inputs and their respective opera- 
tions. 

Note that the ICM7217 and 721 7B have been designed 
to drive common anode displays. The BCD inputs are high 
true, as are the BCD outputs. 

The ICM721 7A and the 721 7C are used to drive common 
cathode displays, and the BCD inputs are low true. BCD 
outputs are high true. 

Notes on Thumbwheel Switches & 
Multiplexing 

The thumbwheel switches used with these circuits (both 
common anode and common cathode) are TRUE BCD 
coded; i.e. all switches open corresponds to 0000. Since 
the thumbwheel switches are connected in parallel, diodes 
must be provided to prevent crosstalk between digits. See 
Figure 8. In order to maintain reasonable noise margins, 
these diodes should be specified with low fon/vard voltage 
drops (IN914). Similarly, if the BCD outputs are to be used, 
resistors should be inserted in the Digit lines to avoid 
loading problems. 

Output and Input Restrictions 

The CARRY/BORROW output is not valid during load 
counter and reset operations. 

The EQUAL output is not valid during load counter or 
load register operations. 

The ZERO output is not valid during a load counter 
operation. 

The RESET input may be susceptible to noise If its Input 
rise time (coming out of reset) Is greater than about SOO/us. 
This will present no problems when this Input is driven by 
active devices (i.e., TTL or CMOS logic) but in h ardwired 
systems adding virtually any capacitance to the RESET 
input can cause trouble. A simple circuit which provides a 



reliable power-up reset and a fast rise time on the RESET M 
input is shown below. «4 




Figure 8 



10 
10 

>4 



When using the circuit as a programmable divider (-f by n 
with equ al output s) a short time delay (a bout 1 /xs) Is needed 
from the EQUAL output to the RESET input to establish a 
pulse of adequate duration. (See Figure 9) 



i 



47|)f 



Figure 9 



When the circuit is configured to reload the counter or 
register with a new value from the BCD lines (upon reaching 
EQUAL), loading time will be digit "on" time multiplied by 
four. If this load time is longer than one period of the Input 
count, a count can be lost. Since the circuit will retain data 
in the register, the register nee d only b e updated when a 
new value is to be entered. RESET will not clear the 
register. 
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Figure 10: ICM7217 BCD I/O and Loading Timing 
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Note: If the BCD pins are to be used for outputs a 10ki2 resistor should be placed in series with each digit line to avoid loading problems through the 
switches. 

Figure 11: Thumbwheel Switch/Diocle Connections 





Table 2: Control Input Definitions ICM7217 


INPUT 


TERMINAL 


VOLTAGE 


FUNCTION 


STORE 


9 


Vdd (or floating) 
Vss 


Output latches not updated 
Output latches updated 


UP/DOWN 


10 


Vdd (or floating) 
Vss 


Counter counts up 
Counter counts down 


RESET 


14 


Vdd (or floating) 
Vss 


Norrrial Operation 
Counter Reset 


LOAD COUNTER/ 
I/O OFF 


12 


Unconnected 
Vdd 
Vss 


Normal operation 

Counter loaded with BCD data 

BCD port forced to Hi Z condition 


LOAD REGISTER/ 
OFF 


11 


Unconnected 
Vdd 
Vss 


Normal operation 
Register loaded with BCD data 
Display drivers disabled; BCD port 
forced to Hi Z condition, mpx dounter 
reset to 04; mpx oscillator inhibited 


DISPLAY CONTrol 
(DC) 


23 Common Anode 
20 Common Cathode 


Unconnected 
Vdd 
Vss , 


Normal Operation 
Segment drivers disabled 
Leading zero blanking inhibited 



Table 3: Control Input Definitions ICM7227 



INPUT 


TERMINAL 


VOLTAGE 


FUNCTION 




DATA TRANSFER 


13 


Vdd 
Vss 


Normal Operation 
Causes transfer of data 
as directed by select code 


Control 


STORE 


9 


Vdd (Dunng CWS Pulse) 


Output latches updated 


Word 
Port ' 






Vss 


Output latches not updated 


UP/DOWN 


10 


Vdd (During CWS Pulse) 


Counter counts up 








Vss 


Counter counts down 


Select Code Bit 1 (SC1) 


11 


Vdd = "1" 


SCI, SC2 control.— 




Select Code Bit 2 (SC2) . 


12, 


Vss-"0" 


00 Change store and 
up/down latches. No data 
transfer. 01 Output latch 


2" 








data active 

10 Counter to be preset 

11 Register to be preset 




Control Word Strobe (CWS) 


14 


Vdd 
Vss 


Normal operation . 
Causes control word to be 
written into control latches 




DISPLAY CONTrol (DC) 


23 Common Anode 


Unconriected 


Normal operation 






20 Common Cathode 


Vdd 
Vss 


Display drivers disabled 
Leading zero blanking 
inhibited 
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Figure 12: SCM7227 I/O Timing (see Table 4) 



CONTROL Of ICM7227 VERSIONS 

The 1CM7227 series has been designed to permit micro- 
processor controf of the inputs. BCD inputs and outputs are 
active high. 



in these versions, the STORE, UP/DOWN, SC1 and SC2 
(Select Code bits 1 and 2) pins form a four-b it control word 
input. A negative-going pulse on the CWS (Control Word 
Strobe) pin writes the data on these pins into four internal 
control latches, and resets the multiplex counter in prepara- 
tion for sequencing a data transfer operation. The select 
code is res erved for changing the state of the Store and/ 
or Up/ Down latches without initiating a data transfer. 
Writing a one into the Store latch sets the latch and causes 
the data in t|ie counter to be transferred into the output 
latches, while writing a zero resets the latches causing them 
to retain da ta and not be updated. Similarly, writing a one 
into the Up/ Down latch causes the counter to count up and 
writing a zero causes the co unter to count down. The state 
of the Store and Up/ Down latches may also be changed 
with a non-zero select code. 

Writing a nonzero select code initiates a data transfer 
operation. Writing select code of 01 (SC1, SC2) Indicates 
that the data in the output latches will be active and enables 
the BCD I/O pprt to output the data. Writing a select code of 
11 indicates that the register will be preset, and a 10 
indicates that the counter will be preset. 

When a nonzero select code is read, the clock of the 
four-state m ultiplex counter is switched to the DATA 
TRANSFER pin. Negative-going pulses at this pin then 
sequence a digit-by-digit data transfer, either outputting 
data or presetting the counter or register as determined by 
the select code. The output drivers of the BCD I/O port will 
be enabled only while DT is low during a data transfer 
initiated with a 01 select code. 



The sequence of digits will be D4-D3-D2-D1, i.e. when 
outputting, the data from D4 will be valid during the first DT 
pulse, then D3 will be valid during the Second pulse, etc. 
When presetting, the data for D4 must be valid at the 
positive-going transition (trailing edge) of the first DT pulse, 
the data for D3 must be valid during the second DT pulse, 
etc. 

At the end of a data transfer operation, on the positive 
going transition of the fourth DT pulse, the SCI and SCi2 
control latches will automatically reset, terminating the data 
transfer and reconnecting the multiplex counter clock to the 
oscillator. In the ICM7227 versions, the multiplex oscillator 
is always free-running, except during a data transfer 
operation when it is disabled. 

Figure 1 2 shows the timing of data transfers initiated with 
a 1 1 select code (writing into the register) and a 01 select 
code (reading out of the output latches). Typical times 
during which data must be valid at the control word and 
BCD I/O ports are indicated in Table 4. 

Table 4: ICM7227 I/O Timing Requirements 



SYMBOL 


DESCRIPTION 


MIN 


TYP 


MAX 


UNIT 


tCWs 


Control Word Strobe Width (mm) 




275 




ns 


t|Cs 


Internal Control Set-up (mm) 




2.5 


3 


MS 


tDTw 


DATA TRANSFER pulse width 
(mm) 




300 




ns 


tscs 


Control to Strobe setup (mm) 




300 




ns 


tSCh 


Control to Strobe hold (mm) 




300 




ns 


t|Ds 


Input Data setup (min) 




300 




PS 


t|Dh 


Input Data Hold (mm) 




300 




ns 


tTDacc 


Output Data access 




300 




ns 


tTDf 


Output Transfer, to Data float 




300 




ns 
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S APPLICATIONS 

O 

S FIXED DECIMAL POINT 



In the common anode versions, a fixed decimal point may 
be activated by connecting the DP. segment lead from the 
appropriate digit (with separate digit displays) through a 
3912 series resistor to Ground. With common cathode 
devices, the D.P. segment lead should be connected 
through a 75^ series resistor to Vdd- 

To force the device to display leading zeroes after a fixed 
decimal point, use a bipolar transistor and base resistor in a 
configuration like that shown below with the resistor con- 
nected to the digit output driving the p,P. for left hand D.P. 
displays, and to the next least significant digit output for 
right hand D.P. display. See Performance Characteristics 
for a similarly operating multi-digit connection. 



LINE Jx 



COMMON AMOOE 




COMMON CATHODE 



Figure 13: Forcing Leading Zero Display 
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Figure 14: Driving High Current Displays 



DRIVING LARGER DISPLAYS 

For displays requiring more, current than the ICL7217/ 
7227 can provide, the circuits of Figure 14 can be used. 



LCD DISPLAY INTERFACE 

The low-power operation of the ICM721 7 makes an LCD 
interface desirable. The Intersil ICM72 1 1 4 digit BCD to LCD 
display driver easily interfaces to the ICM7217 as shown in 
Figure 16. Total system power consumption Is less than 
6mW. System timing margins can be improved by using 
capacitance to ground to slow down the BCD lines. A 
similar circuit can be used to drive Vacuum Fluorescent 
displays, with the ICM7235. 

The 10-20kl2 resistors on the switch BCD lines serve to 
isolate the switches during BCD output. 
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Figure 15: LCD Display Interface (with Thumbwheel Switches) 
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Figure 16: Unit Counter 
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Figure 17: Inexpensive Frequency Counter 



UNIT COUNTER WITH BCD OUTPUT 

The simplest application of the ICM7217 is a 4 digit unit 
counter (Figure 16). All that is required is an ICM7217, a 
power supply and a 4 digit display. Add a momentary switch 
for reset, an SPOT center-off switch to blank the display or 
view leading zeroes, and one more SPOT switch for up/ 
down control. Using an ICM7217A with a common-cathode 
calculator-type display results in the least expensive digital 
counter/display system available. 

INEXPENSIVE FREQUENCY COUNTER/ 
TACHOMETER 

This circuit uses t he low p ower ICM755 5 (CMOS 555) to 
generate the gating, STORE and RESET signals as shown 



in Figure 17. To provide the gating signal, the timer is 
configured as an astable multivibrator, using Ra, Rb and C 
to provide an output that is positive for approximately one 
second and negative for approximately 300-500ius. The 
positive waveform time is given by twp ^ 0.693 (Ra + Rb)C 
while the negative waveform is given by twn = 0.693 RbC. 
The system is calibrated by using a 51^1^2 potentiometer for 
Ra as a "coarse" control and a 1k^ potentiometer for Rb 
as a "fine" control. CD40106B's are used as a monostable 
multivibrator and reset time delay. 
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Figure 18: Tape Recorder Position Indicator 
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Figure 19: Precision Timer 



TAPE RECORDER POSITION INDICATOR/ 
CONTROLLER 

The circuit in Figure 18 shows an application which uses 
the up/down counting feature of the ICIVI7217 to keep tracl< 
of tape position. This circuit is representative of the many 
applications of up/down counting in monitoring dimensional 
position. For example, an ICM7227 as a peripheral to a 
processor can monitor the position of a lathe bed or 
digitizing head, transfer the data to th e proce ssor , drive 
interrupts to the processor using the EQUAL or ZERO 
outputs, and serve as a numerical display for the processor. 

In the tap e reco rder application, thie LOAD REGISTER, 
EQUAL and ZERO outputs are used to control the recorder. 
To make the recorder stop at a particular point on t he tape, 
the register can be set with the stop point and the EQUAL 
output used to stop the recorder either on fast fon^rard, play 
or rewind, 

To make the recorder stop before the tape comes free of 
the reel on rewind, a leader should be used. Resetting the 
counter at the starting point of the tap e, a few feet from the 
end of the leader, allows the ZERO output to be used to 
stop the recorder on rewind, leaving the leader on the reel. 



Th^ 1 hAQ< resistor and .0047mF capacitor on the COUNT 
INPUT provide a time constant of about 5ms to debounce 
the reel switch. The Schmitt trigger on the COUNT INPUT of 
the ICM7217 squares up the signal before applying it to the 
counter. This technique may be used to debounce switch- 
closure inputs in other applications. 

PRECISION ELAPSED TIME/COUNTDOWN 
TIMER 

The circuit in Figure 19 uses an ICM7213 precision one 
minute/one second timebase generator using a 4.1943MHz 
crystal for generating pulses counted by an ICM7217B. The 
thumbwheel switches allow a starting time to be entered 
into the counter for a preset-countdown type timer, and 
allow the register to be set for compare functions. For 
instance, to make a 24-hour clock with B CD outp ut the 
register can be preset with 2400 and the EQUAL output 
used to reset the counter. Note the 10k resistor connected 
between the L.QAD COUNTER terminal and Ground. This 
resistor pulls the LOAD COUNTER input low wheri not 
loading, thereby inhibiting the BCD Output drivers. This 
resistor should be eliminated and SW4 replaced with an 
SPOT center-off switch if the pCD. outputs are to be used. 
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Figure 20: 8 Digit Up/Down Counter 
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Figure 21: Precision Frequency Counter (IVIHz {Maximum) 



This technique may be used on any 3-level input The 
100k^ puilup resistor on the count input is used to ensure 
proper logic voltage swing from the ICM7213. For a less 
expensive (and less accurate) timebase, an ICM7555 timer 
may be used in a configuration like that shown in Figure 1 7 
to generate a 1Hz reference. 

8-DIGIT UP/DOWN COUNTER 

This circuit (Figure 20) shows how to cascade counters 
and retain correct leading zero blanking. The NAND gate 
detects whether a digit is active since one of the two 
segments a or b is active on any unblanked number. The flip 
flop is clocked by the least significant digit of the high order 
counter, and if this digit is not blanked, the Q output of the 
flip flop goes high and turns on the NPN transistor, thereby 
inhibiting leading zero blanking on the low order counter. 

It is possible to use separate thumbwheel switches for 
presetting, but since the devices load data with the oscilla- 
tor free-running, the multiplexing of the two devices Is 
difficult to synchronize. This presents no problems with the 



ICM7227 devices, since the two devices are operated as 
peripherals to a processor. 

PRECISION FREQUENCY COUNTER/ 
TACHOMETER 

The circuit shown in Figure 21 is a simple implementation 
of a four digit frequency counter, using an I CM7207A to 
provide the one second gating window and the STORE and 
RESET signals. In this configuration, the display reads hertz 
directly. With Pin 1 1 of the ICM7027A connected to Vpo. 
the gating time will be 0.1 second; this will display tens of 
hertz as the least significant digit. For shorter gating times, 
an ICM7207 may be used (with a 6.5536MHz crystal), giving 
a 0.01 second gating with Pin 11 connected to Vqd. and a 
0.1 second gating with Pin 11 open. 

To implement a four digit tachometer, the ICM7207A with 
one second gating should be used. To get the display to 
read directly in RPM, the rotational frequency of the object 
to be measured must be multiplied by 60. This can be done 
electronically using a phase-locked loop, or mechanically by 
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using a disc rotating with tlie object with the appropriate 
number of holes drilled around its edge to interrupt the light 
from an LED to a photo-dector. For faster updating, use 0.1 
second gating, and multiply the rotational frequency by 600. 
For more "intelligent" instrumentation, the ICM7227 
interfaced to a microprocessor may be more convenient 
(see Figure 21). For example, an ICM7207A can be used 
with two ICM7227's to provide an 8 digit, 2MHz frequency 
counter. Since the ICM7207A gating output has a 50% duty 
cycle, there is 1 second for the processor to respond to an 
interrupt, generated by the negative going edge of this 
signal while It inhibits the count. The processor can respond 
to the interrupt using ROM based subroutines, to store the 
data, reset the counter, and read the data into main 
memory. To add simultaneous period display, the processor 



inverts the data and an iCM7218 Universal Display Driver 
stores and displays it. 

AUTO-TARE SYSTEM 

This circuit uses the count-up and c ount-dow n fu nctions 
of the ICM7217, controlled via the EQUAL and ZERU 
outputs, to count in SYNC with an IC L7109 A/D Converter 
as shown In Figure 22. By RESETin g the ICM7217 on a 
"tare" value conversion, and STORE-Ing the result of a true 
value conversion, an automatic tare subtraction occurs In 
the result. 

The ICM7217 stays in step with the ICL7019 by counting 
up and down between and 4095, for 8192 total counts, 
the same number as the ICL7109 cycle. See A047 for more 
details. 
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Figure 22: Auto-Tare System for A/D Converter 
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GENERAL DESCRIPTION 

The ICM7224 and ICM7225 devices constitute a famify of 
iiigh-perfori:nance CMOS 4 1/2-digit counters, including 
decoders, output latclies, display drivers, count inhibit, 
leading zero blanking, and reset circuitry. 

The counter section provides direct static counting, 
guaranteed from DC to 15 MHz, using a 5V ±10% supply 
over the operating temperature range. At normal ambient 
temperatures, the devices will typically count up to 25 MHz. 
The COUNT input is provided with a Schmitt trigger to allow 
operation in noisy environments and correct counting with 
slowly changing inputs. The COUNT INHIBIT, STORE and 
RESET inputs allow a direct interface with the ICM7207/A 
to implement a low cost, low power frequency counter with 
a minimum component count. 

These devices also incorporate several features intended 
to simplify cascading four-digit blocks. The CARRY output 
allows the counter to be cascaded, while the Leading Zero 
Blanking INput and OUTput allows correct Leading Zero 
Blanking between four-decade blocks. The BackPlane 
driver of the LCD devices may be disabled, allowing the 
segments to be slaved to another backplane signal, neces- 
sary when using an eight or twelve digit, single backplane 
display. In LED systems, the BRighTness input to several 
ICM7225 devices may be ganged to one potentiometer. 

The ICM7224/ICM7225 family are packaged in a stan- 
dard 40-pin dual-in-line plastic or CERDIP package, or in 
dice. 

ORDERING INFORMATION 



PART NUMBER 


DISPLAY TYPE 


COUNT 
OPTION 


ICM7224IPL 

ICM7224AIPL 

ICM7224/D 

ICM7224A/D 

ICM7224AIJL 

ICM7224IJL 


LCD 
LCD 
LCD 
LCD 
LCD 
LCD 


19999 
15959 
19999 
15959 
15959 
19999 


ICM7225IPL 

ICM7225AIPL 

ICM7225/D 

ICM7225A/D 

ICM7225AIJL 

ICM7225IJL 


LED 
LED 
LED 
LED 
LED 
LED 


19999 
15959 
19999 
15959 
15959 
19999 



FEATURES 

• High Frequency Counting — Guaranteed 15MHz, 
Typically 25MHz at 5V 

• Low Power Operation — Typically Less Than 
100mW Quie scent 

• STORE and RESET Inputs Permit Operation as 
Freq uency or Period Counter 

• True COUNT INHIBIT Disables First Counter 
Stage 

• CARRY Output for Cascading Four-Digit Blocks 

• Schmitt-Trigger On The COUNT Input Allows 
Operation in Noisy Environments or With Slowly 
Changing Inputs 

• Leading Zero Blanking INput and OUTput for 
Correct Leading Zero Blanking With Cascaded 
Devices 

• LCD Devices Provide Complete Onboard 
Oscillator and Divider Chain to Generate 
Backplane Frequency, or Backplane Driver May 
Be Disabled Allowing Segments to be Slaved to 
A Master Backplane Signal 

• LED Devices Provide BRighTness Input Which 
Can Function Digitally As A Display Enable or 
As A Continuous Display Brightness Control 
With A Single Potentiometer and Directly Drive 
Common Anode LED Displays 



Evaluation Kits, order ICM7224 EV/Kit or ICM7225 EV/Kit 
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Figure 1: Pin Configuration 
(Outline dwg PL) 
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Figure 2: Functional Diagrams 
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ABSOLUTE MAXIMUM RATINGS 



Operating Temperature Range -20°C to +85°C 

Storage Temperature Range .- 55°C to + 1 25°C 

Lead Temperature (Soldering, 10sec) 300°C 



Supply Voltage Vqd-Vss • 6.5V 

input Voltage (Any 

Terminal) (Note 2) Vdd + 0-3V to Vss-0.3V 

Power Dissipation (Note 1) 0.5W @ 70°C 

NOTE 1: This limit refers to that of the package and will not be obtained dunng normal operation. 

NOTE 2: Due to the SCR structure inherent in the CMOS process, connecting any terminal to voltages greater than Vdd o*" 'ess than Vss may cause 
destructive device latchup. For this reason, it is recommended that no inputs from sources operating on a different power supply be applied to the 
device before its supply is established, and that in multiple supply systems, the supply to the ICM7224/ICM7225 be turned on first. 

Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. Theses are stress ratings only and functional 
operation of the device at these or any other conditions abovie those indicated in the operational sections of the specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 
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ELECTRICAL CHARACTERISTICS (Vdd = 

ICM7224 CHARACTERISTICS 



5V ±10%, Ta = 25°C, Vss = OV unless otherwise indicated) 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


'dd 


Operating current 


Test circuit, Display blank 




10 


50 


mA 


VSUPPLY 


Operating supply voltage range 
(Vdd -Vss) 




, 3 




6 


V 


IqSC! 


OSCILLATOR input current 


Pin 36 




±2 


±10 


mA 


tR, tF 


Segment nse/fall time 


C,oad = 200pF 




0.5 




jUS 


tR, tF 


BackPlane nse/fall time 


Cioad = SOOOpF 




1.5 




fosc 


Oscillator frequency 


Pin 36 Floating 




19 




kHz 


fBP 


Backplane frequency 


Pin 36 Floating 




150 




Hz 



ICM7225 CHARACTERISTICS 



SYMBOL 


PARAMETER 


TEST CONDITIONS 
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TYP 
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UNIT 


ISTBY 


Operating current display off 


Pin 5 (BRigriTness) at Vss 
Pins 29, 31-34 at Vqd 
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Operating supply voltage range 
(Vdd -Vss) 
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'dd 


Operating current 


Pin 5 at Vdd. Display 18888 
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Segment leakage current 


Segment Off 
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ISEG 


Segment on current 


Segment On, Vout = + 3V 
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mA 


Ih 


Half-digit on current 


Half-digit on, Vout = + 3V 


10 


16 





FAMILY CHARACTERISTICS 












SYMBOL 


PARAMETER 


TEST CONDITIONS 


MiN 


TYP 


MAX 


UNIT 


Ip 


Input 

Pullup Currents 


Pins 29, 31, 33, 34 
Vout = Vdd -3V 




10 




mA 


V|H 


Input High Voltage 


Pins 29. 31. 33. 34 


3 






V 


ViL 


Input Low Voltage 


Pins 29, 31, 33, 34 






1 


VCT 


'Count input Threshold 






2 




VCH 


COUNT Input Hysteresis 






0.5 




'oh 


Output High Current 


CARRY Pin 28 

Leading Zero Blanking OUT Pin 30 

Vout = Vdd -3V 


350 


5O0 




mA 


Iql 


Output Low Current 


CARRY Pin 28 

Leading Zero Blanking Out Pin 30 

Vout = + 3V 


350 


500 




^COUNT 


Count Frequency 


4.5V < Vdd < 6V 







15 


MHz 


tS,tR 


STORE, RESET Minimum Pulse Width 




3 






jUS 




7-69 



Note: AH typical values have been guaranteed by characterization and are not tested. 



S ICM7?24/I€M7225 



TYPICAL PERFORMANCE CHARACTERISTICS 
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7224 OPERATING SUPPLY CURRENT AS A 
FUNCTION OF SUPPLY VOLTAGE 
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7225 LED SEGMENT CURRENT AS A FUNCTION 
OF OUTPUT VOLTAGE 
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SUPPLY VOLTAGE (V) 



OUTPUT VOLTAGE (V) 



7224 BACKPLANE FREQUENCY AS A FUNCTION 
OF SUPPLY VOLTAGE 
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7225 OPERATING POWER (LED DISPLAY) AS A 
FUNCTION OF SUPPLY VOLTAGE 
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OF OSCILLATOR CAPACITOR Cqsc 



7225 LED SEGMENT CURRENT AS A FUNCTION 
OF BRIGHTNESS CONTROL VOLTAGE 
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ICM7224/ICM7225 

TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 



MAXIMUM COUNT FREQUENCY (TYPICAL) AS A 
FUNCTION OF SUPPLY VOLTAGE 



SUPPLY CURRENT AS A FUNCTION OF COUNT 
FREQUENCY 
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SUPPLY VOLTAGE (V) 



/COUNT 



INPUT 


TERMINAL 


VOLTAGE 


FUNCTION 


Leading Zero Blanking 
INput 


29 


Vdd or Floating 

Vss 


Leading Zero Blanking Enabled 
Leading Zeroes Displayed 


COUNT INHIBIT 


31 


Vdd or Floating 
Vss 


Counter Enabled 
Counter Disabled 


RESET 


33 


Vdd or Floating 
Vss 


Inactive 

Counter Reset to 0000 


STORE 


34 


Vdd or Floating 
Vss 


Output Latches not Updated 
Output Latches Updated 



CONTROL INPUT DEFINITIONS 

In this table, Vqd and Vss ^^re considered to be normal 
operating input logic levels. Actual input low and high levels 
are specified in the Operating Characteristics. For lowest 
power consumption, input signals should swing over the full 
supply. 

DETAILED DESCRIPTION 
LCD Devices 

The LCD devices rn the family (ICM7224 and ICM7224A) 
provide outputs suitable for driving conventional 4V2-digit by 
seven segmerit LCD displays, including 29 individual seg- 
ment drivers, backplane driver, and a self-contained oscilla- 
tor and divider chain to generate the backplane frequency. 

The segment and backplane drivers each consist of a 
CMOS inverter, with the n- and p-channel devices ratioed to 
provide identical on resistances, and thus equal rise and fall 
times. This eliminates any D.C. component which could 
arise from differing rise and fall times, and ensures maxi- 
mum display i'l'fe. 

The backplane output devices can be disabled by con- 
necting the OSCILLATOR input (pin 36) to Vss- This 
synchronizes the 29 segment outputs directly with a signal 
input at the BP terminal (pin 5) and allows cascading of 
several slave devices to the backplane output of one 
rnaster device. The backplane may also be derived from an 
external source. This allovys the use of displays with 
characters in multiples of four and a single backplane. A 
slave device will represent a load of approximately 200pF 
(comparable to one additional segment). The limitation on 



the number of devices that can be slaved to one master 
device backplane driver is the additional load represented 
by the larger backplane of displays of more than four digits, 
and the effect of that load on the backplane rise and fall 
times. A good rule of thumb to observe in order to minimize 
power consumption is to keep the rise and fall times less 
than about 5 microseconds. The backplane driver devices 
of one device should handle the backplane to a display of 
1 6 one-half-inch characters without the rise and fall times 
exceeding Sjus (ie, 3 slave devices and the display back- 
plane driven by a fourth master device). It is recommended 
that if more than four devices are to be slaved together, that 
the backplane signal be derived externally and all the 
ICM7224 devices be slaved to it. 

This external signal should bfe capable of driving very 
large capacitive loads with short (1-2ms) rise and fall times. 
The maximum frequency for a backplane signal should be 
about 150Hz, although this may be too fast for optimum 
display response at lower display temperatures, depending 
on the display used. 

The onboard oscillator is designed to free run at approxi- 
mately 1 9kHz, at microampere power levels. The oscillator 
frequency is divided by 128 to provide the backplane 
frequency, which will be approximately 150Hz with the 
oscillator free-running. The oscillator frequency, may be 
reduced by connecting an external capacitor, between the 
oscillator terminal (pin 36) and Vdd*. see the plot of 
oscillator/ backplane frequency in "Typical Characteristics" 
for detailed information. 
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The oscillator may also be overdriven if desirecj, although 
care must be taken to insure that the backplane driver is not 
disabled during the negative portion of the overdriving 
signal (which could cause a D.C. component to the display). 
This can be done by driving the OSCILLATOR input 
between the positive supply and a level out of the range 
where the backplane disable is sensed, about one fifth of 
the supply voltage above the negative supply. Another 
technique for overdriving the oscillator (with a signal swing- 
ing the full supply) is to skew the duty cycle of the 
overdriving signal such that the negative portion has a 
duration shorter than about one microsecondi The back- 
plane disable sensing circuit will, not respond to signals of 
this duration. 

LED Devices 

The LED devices in the family (ICM7225, ICM7225A) 
provide outputs suitable for directly driving 4l/2-digit by 
seven segment commpn-ianode LED displays, including 28 
individual segment drivers and one half-digit driver, each 
consisting of a low-leakage current-corttrolled open-drain n- 
channel transistor. 

The drain current' of these transistors can be controlled 
by varying the voltage at the BRIghTness input (pin 5). The 
voltage at this pin is transferred to the gates of the output 
devices for "on" segments, and thus directly modulates the 
transistor's "on" resistance. A brightness control can be 
easily implemented with a single potentiometer controlling 
the voltage at pin 5, connected as in Figure 3. The 
potentiometer should be a high value (100kl2 to 1M^) to 
minimize power consumption, which can be Significant 
when the display is off. 

The BRighTnesS input may also be operated digitally, as a 
display enable; when a Vpo. ^he display is fully on, and at 
Vss, fully Off. The display brightness may also be controlled 
by varying the duty cycle of a signal swinging between the 
two supplies at the BRIghTness input. 

Note that the LED devices have two connections for Vss". 
both should be connected. The double connection Is 
necessary to minimize effects of bond wire resistance with 
the large total display currents possible. 

When operating the LED devices at higher temperatures 
and/or higher supply voltages, the device power dissipation 
may need to be reduced to prevent excessive chip tempera- 
tures. The maximum power dissipation is 1 watt at 25°C, 
derated linearly above 35X to 500mW at 70X (15mW/°C 
above 35°C)*; Power dissipatiori for the device is given by: 

P = (Vdd -Vfled) X (Iseg) X (nsEG) 

where Vfled 'S the LED fon/vard voltage drop, Iseg is 
segment current, and nsEG 's the number of "ON" seg- 
ments. It is recommended that if the device is to be 
operated at elevated temperatures the segment current be 
limited by use of the BRIghTness input to keep power 
dissipation within the limits described above. 



-vdd(>-eo ANOOet) 



MIQHTMCM 
PINS(7»ft), 



TC028?1I 

Figure 3: Brightness Control 



COUNTER SECTION 

The devices in the ICM7224/ICM7225 family implement 
a four-digit ripple carry resettable count er, inclu ding a 
Schmitt trigger on the COUNT input and a CARRY output. 
Also inc luded is an extra D-type flip-flop, clocked by the 
CARRY signal and outputting to the half-digit segment 
driver, which can be used as either a true half-digit or as an 
overflow indicator. The counter will index on the negative- 
going e dge of the signal at the COUNT Input, while the 
CARRY output provides a negative-going edge following 
the count which indexes the counter from 9999 (or 5959) to 
1 0000. Once the half-digit flip-flop has been clocked, it can 
only be rese t (with t he rest of the counter) by a negative 
level at the RESET terminal, pin 33. However, the four 
decades will continue to count i n a norm al fashion after the 
half-digit is set, and subsequent CARRY outputs will not be 
affected. 



A negative leyel at the COUNT INHIBIT input disables the 
first divide-by-two in the counter chain without affecting its 
clock. This provides a true inhibit, not sensitive to the state 
of the COUNT input, which prevents false counts that can 
result from using a normal logic gate to prevent counting. 

Each decade of counter drives directly into a four-to- 
seven decoder which develops the seven-segment output 
code. T he output data is latched at the driver, when the 
STORE pin is low, these latches are updated, and when 
high or floating, the latches hold their contents. 

The decoders also include zero detect and blanking logic 
to provide leading zero blanking. When the Leading Zero 
Blanking INput is floating or at a positiye level, this circuitry 
is enabled and the device will blank leading zeroes; when 
low, or the half-digit is set, leading zero blanking is inhibited, 
and zeroes in the four digits will be displayed. The Leading 
Zero Blanking OUTput is provided to allow cascaded 
devices to blank leading zeroes correctly. This output will 
assume a positive level only when all four digits are 
blanked; this can only occur when the Leading Zero 
Blanking INput is at a positive level and the half-digit ismot 
set. , 

For example, in an eight-decade counter with overflow 
using two ICM7224/ICM7225 devices, the Leading Zero 
Blanking OUTput of the high order digit would be connected 
to the Leading Zero Blanking INput of the low order digit 
device. This will assure correct leadirig zero blanking for all 
eight digits. 

The store; RESET, COUNT INHIBIT, and Leading Zero 
Blanking INputs are provided with puliup devices, so that 
they ma y be left open when a positive level is desired. The 
CARRY and Leading Zero Blanking OUTputs are suitable 
for interfacing to CMOS logic in general, and are specifically 
designed to allow cascading of ICM7224 to ICM7225 
devices In four-digit blocks. 
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Figure 4: Display Waveforms 
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Figure 7: Typical Application (Unit Counter) 



APPLICATIONS 




Figure 8: Two-Hour Precision Timer 
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Figure 9: Eight-Digit Precision Frequency Counter 
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ICM7226A/B 

8-Digit Multi-Function 
Frequency Counter/Timer 

GENERAL DESCRIPTION 

The ICM7226 is a fully integrated Universal Counter and 
LED display driver. It combines a high frequency oscillator, 
a decade timebase counter, an 8 decade data counter and 
latches, a 7 segment decoder, digit multiplexer, and seg- 
ment and digit drivers which can directly drive large LED 
displays. The counter inputs accept a maximum frequency 
of 10MHz in frequency and unit counter modes and 2MHz 
in the other modes. Both inputs are digital inputs. In many 
applications, amplification and level shifting will be required 
to obtain proper digital signals for these inputs. 

The ICM7226 can function as a frequency counter, period 
counter, frequency ratio (f A/fe) counter, time interval count- 
er or a totalizing counter. The devices require either a 
10MHz or 1MHz crystal timebase, or if desired an external 
timebase can also be used. For period and time interval, 
the 10MHz timebase gives a 0.1 /uts resolution. In period 
average and time interval average, the resolution can be 
in the nanosecond range. In the frequency mode, the user 
can select accumulation time of 10ms, 100ms, 1s and 10s. 
With a 1 0s accumulation time, the frequency can be 
displayed to a resolution of 0.1Hz. There is a 0.2s interval 
between measurements in all ranges. Controf signals are 
provided to enable gating and storing of prescaler data. 

Leading zero blanking has been incorporated with fre- 
quency display in kHz and time in jus. The display is 
multiplexed at a 500Hz rate with a 1 2.2% duty cycle for 
each digit The ICM7226A Is designed for common anode 
displays with typical peak segment currents of 25mA, and 
the ICM7226B is designed for common cathode displays 
with typical segment currents of 12mA. In the display off 
mode, both digit drivers & segment drivers are turned off, 
allowing the display to be used for other functions. 




FEATURES 

• CI\/K)S Design for Very Low Power 

• Output Drivers Directly Drive Both Digits and 
Segments of Large 8 Digit LED Displays. Both 
Common Anode and Common Cathode Versions 
Are Available 

• Measures Frequencies From DC to lOIVIHz; 
Pieriods From O.S/xs to 10s 

• Stable High Frequency Oscillator Uses Either 
1MHz or 10MHz Crystal 

• Control Signals Available for External Systems 
Operation 

• Multiplexed BCD Outputs 

APPLICATIONS 

• Frequency Counter 

• Period Counter 

• Unit Counter 

• Frequency Ratio Counter 

• Time Interval Counter 
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ORDERING 


NFORMATION 




PART 
NUMBER 


TEMPERATURE 
RANGE 


PACKAGE 


ICM7226AIPL 


--25X to +55''C 


40 pin PLASTIC DIP 


ICM7226A/D 


— 


DICE 


ICM7226BIJL 


-25X to +85X 


40 pin CERDIP 


ICM7226B/D 


— 


DICE 


ICM7226AIJL 


-25X to 85X 


40 pin CERDIP 


ICM7226BIPL 


-25X to SS^'C 


40 pin PLASTIC DIP 



NOTE: An evaluation kit is available for these devices - 
order ICM7226AEV/KIT. 
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*For maximum frequency stability, connect to Vdd or Vss 



Figure 1: Pin Configurations 
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ABSOLUTE MAXIMUM RATINGS 

Maximum Supply Voltage (Vqd-Vss) 6.5V Maximum Power Dissipation at 70°C (Note 2) 

Maximum Digit Output Current 400mA ICM7226A LOW 

Maximum Segment Output Current 60mA ICM7226B 0.5W 

Voltage on any Input or Output Terminal (Note 1) Operating Temperature Range ..-25°C to +85°C 

(VSS-0.3V) to (Vdd + 0.3y) Storage Temperature Range -55^C to + 1 25°C 

Lead Temperature (Soldering, 10sec) ...300X 

stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings only, and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 

*Note 1: Destructive latchup may occur if input signals are applied before the power supply is established or if inputs or outputs are forced to voltages 
exceeding Vdd or Vss by 0.3V. 

Note 2: Assumes all leads soldered or welded to PC board and free air flow. 
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Figure 2: Functional Diagram 
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ELECTRICAL CHARACTERISTICS (Vdd = S.OV, Ta = 25°C, unless otherwise specified.) 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


IDD 


Operating Supply 
Current 


Display Off 

Unused inputs to Vss 




2 


5 


mA 


VSUPPLY 


Supply Voltage Range Vqd - Vss 


-25X<Ta<85°C 
Input A, Input B 
Frequency at fMAX 


4.75 




6.0 


V 


U(nnax) 


Maximum Guaranteed Frequency 
Input A, Pin 40 


-25°C<Ta<85X 

4.75V < Vdd < 6.0V Figure 4 

Function = Frequency, 

Ratio, Unit Counter 

Function = Period. Time Interval 


10 
2.5 


14 




MHz 


fB(max) 


Maximum Frequency 
Input B, Pin 2 


-25°C<Ta<85°C 
4.75V < Vdd < 6.0V 
Figure 5 


2.5 








Minimum Separation 
Input A to Input B 
Time Interval Function 


-25X<Ta<85°C 
4.75V < Vdd < 6.0V 
Figure 6 


250^ 






ns 


tosc 


Osc. freq. and ext. osc. 
freq. (minimum ext. osc. freq.) 


-25X<Ta<85X 
4.75V < Vdd < 6.0V 


10 
(0.1) 






MHz 


gm 


Oscillator Transconductance 


Vdd = 4 75V 

Ta= +85°C 


2000 






MS 


^mux 


Multiplex Frequency 


fosc= 10MHz 




500 




Hz 




Time Between Measurements 


fosc= 10MHz 




200 




ms 


dV,n/dt 


input Rate of Charge 


Inputs A, B 




15 




mV/MS 


V|L 


INPUT VOLTAGES 
PINS 2. 19, 33, 39, 40. 35 
input low voltage 

input high voltage 


-25°C<Ta< +85°C 






1.0 


V 


V|H 




3.5 






l|LK 


PIN 2, 39, 40 INPUT LEAKAGE, A, B 








20 


M 


R|N 


Input resistance to VpD 
PINS 19,33 


V|N = Vdd -1-OV 


100 


400 




kfi 


R|N 


Input resistance to Vss 
PIN 31 


ViN?= +.i.ov 


50 


100 




lOL 


Output Current 

PINS 3,5,6,7.17,18.32,38 


V0L= +0.4V\ 


400 






mA 


lOH 


PINS 5,6,7,17,18,32 


VoH=+2.4V 


100 






iuA 


lOH 


PINS 3.38 


VoH = Vdd -0.8V 


265 






lOH 


iCM7226A 

PINS 22.23,24,26,27,28.29.30 
DIGIT DRIVER 
high output current 

low output current 


Vo = Vdd -2.0V 


150 


180 




mA 


lOL 


Vo=+1.0V 




-0.3 




lOL 


SEGMENT DRIVER 
PINS 8,9,10,11,13,14,15,16 
low output current 

high output current 


Vo= +1.5V 


25 


35 




mA 


lOH 


Vo = Vdd-iov 




100 




M 


V|L 


MULTIPLEX INPUTS 
PINS 1,4,20,21 
input low voltage 

input high voltage 

input resistance to Vss 








0.8 


V 


V|H 




2.0 






R|N 


V|N= +1.0V 


50 


100 , 




kn 



10 
10 
0) 

> 
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ELECTRICAL CHARACTERISTICS (CONT.) 










SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


lOL 


ICM7226B 

DIGIT DRIVER 
PINS 8,9,10,11,13.14,15,16 
low output current 

high output current 


Vo= +1.0V 


50 


75 




fnA 


lOH 


Vo = Vdd -2.5V 




100 




mA 


lOH 


SEGMENT DRIVEft 
PINS 22,23,24,26,27,28,29,30 
high output current 

leakage current 


Vo = Vdd-2.0V 


10 


15 




mA 


iL 


Vo = Vss 






10 


mA 


V|L 


MULTIPLEX INPUTS 
PINS 1,4,20,21 
input loVv voltage 

input high voltage 

input resistance to Vdd 








Vdd -2.0 


V 


V|H 




Vdd -0.8 






R|N 


ViN = Vdd- 1.0V 


100 


360 




kO 



NOTE: Typical values are not tested. 

EVALUATION KIT 

An evaluation kit is available for the ICM7226A. It 
includes all the components necessary to assemble and 
evaluate a universal frequency/ period counter based on the 
ICM7226A. With the help of this kit, an engineer or 
technician can have the ICM7226A "up-and~running" in 
less than an hour. Specifically, the kit contains an 
ICM7226AyL, a 10MHz quartz crystal, eight each 7- 
segment 0.3".LEDs, PC board, resistors, capacitors, diodes, 
switches and IC socket. Order Number ICM7226AEV/Kit. 
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Figure 3: Test Circuit 
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Si^3''^s&l83 


LC01970I 
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LED overflow indicator connections: 




Overflow will be indicated on the decimal point output of digit 8. | 
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ICM7226A d.p. 
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ANODE 

D8 
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Figure 4: 


Segment Identification and Display Font 
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Figure 5: Waveform for Guaranteed 

Minimum f A(max) Function = Frequency, 

Frequency Ratio, Unit Counter. 



TIME INTERVAL MEASUREMENT 

The ICM7226A/B can be used to accurately measure the 
time interval between two events. With a 1 MHz time-base 
crystal, the time between the two events can be as long as 
ten seconds. Accurate resolution in time interval measure- 
ment is 100ns. 

The feature operates with Channel A going low at the 
start of the event to be measured, followed by Channel B 
going low at the end of the event. 

When in the time interval mode and measuring a single 
event, the ICM7226A/B must first be "primed" prior to 
measuring the event of interest. This is done by first 
generating a negative going edge on Channel A followed by 
a negative going edge on Channel B to start the "measure- 
ment interval." The inputs are then primed ready for the 
measurement. Positive going edges on A and B, before or 
after the priming, will be needed to restore the original 
condition. 

Following the priming procedure (when in single event or 
1 cycle range input) the device is ready to measure one 
(only) event. 

When timing repetitive signals, it is not necessary to 
"prime" the ICM7226A/B as the first alternating signal 
states automatically prime the device. See Figure 7. 



. M€A$URED _ 
INTERVAL 



y 



\ 



Figure 6: Waveform for Guaranteed 

Minimum fB(max) and fA(max) for 

Function = Period and Time Interval. 



During any time interval measurement cycle, the 
ICM7226A/B requires 200ms following B going low to 
update ail internal logic. A new measurement cycle will not 
take place until completion of this internal update time. 

DETAILED DESCRIPTION 

INPUTS A & B 

The signal to be measured is applied to INPUT A in 
frequency period, unit counter, frequency ratio and 
time interval modes. The other input signal to be measured 
is applied to INPUT B in frequency ratio and time interval. 
fA should be higher than fe during frequency ratio. 

Both inputs are digital inputs with a typical switching 
threshold of 2.0V at Vdd = 5.0V and input impedance of 
250k^. For optimum performance, the peak to peak input 
signal should be at least 50% of the supply voltage and 
centered about the switching voltage. When these inputs 
are being driven from TTL logic, it is desirable to use a 
pullup resistor. The circuit counts high to low transitions at 
both inputs. 

Note: The amplitude of the input should not exceed the supply by more 
than 0.3V othenvise, the circuit may be damaged. 



10 
10 
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figure 7: Waveforms for Time Interval Measurement 
{Qther^ are similar, without priming phase) 



This can be easily accomplished with the following circuit: 
(Figure 8). 
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Figure 8: Priming Circuit, Signal A&B 
High or Low 



DEVICE 



TYPE 



CD4049B Inverting Buffer 
CD4070B Exclusive-OR 



drivers can be capacltively coupled through the LED diodes 
to the multiplex inputs. For maximum noise immunity, a 
1 0kfZ resistor should be placed In series with the multiplex 
inputs as shown in the application notes. 

Table 1 shows th6 functions selected by each digit for 
these inputs. 

Table 1: Multiple Input Control 



MULTIPLEXED INPUT$ 

The FUNCTION, RANGE, CONTROL and EXTERNAL 
DECIMAL POINT inputs are time multiplexed to select the 
rnput function desired. This is achieved by connecting the 
appropriate digit driver output to the inputs. The input 
function, range and control Inputs must be stable during the 
last half of each digit output, (typically 125/is). The multiplex 
Inputs are active high for the common anode ICM7226A, 
and active low for the common cathode ICM7226B. 

Noise on the multiplex inputs can cause improper opera- 
tion. This is particularly true when the unit counter mode of 
operation is selected, since changes in voltage on the digit 





FUNCTION 


DIGIT 


FUNCTION INPUT 


Frequency 


Di 


Pin 4 


PeHod 


D8 




Frequency Ratio 


D2 




Time Interval 


D5 




Unit, Counter 


D4 




Oscillator Frequency 


D3 


RANGE INPUT 


0.01, Sec/1 Cycle 


Di 


PIN 21 


0.1 Sec/10 cycles 


D2 




1 ^ec/100 Cycles 


D3 




10 Sec/ Ik Cycles 


D4 


PIN 31 


Enable External Range 


D5 




Input 




CONTROL INPUT 


Display Off 


D4 & Hold 


PIN 1 


Display Test 


Ds 




,1MHz Select 


D2 




External Oscillator Enable 


Di 




Externar Decimal Point 


D3 




Enable 




EXTERNAL DECIMAL 


Decimal Point is Output f 


Dr Same 


POINT INPUT, PIN 


Digit That is Connected t< 


D This 


20 


Input 





CONTROL INPUTS 

Display Test — All segments are enabled continuously, 
giving a display of all 8's with decimal points. The display 
will be blanked if display off is selected at the same time. 



r~8o 
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Display Off — To enable the display off mode it is 
necessary to tie D4 to the CONTROL input and have the 
HOLD input at Vdd- The chip will remain in this mode until 
HOLD is switched low. While in the display off mode, the 
segment and digit driver outputs are open and the oscillator 
continues to run (with a typical supply current of 1 .5mA with 
a 10MHz crystal) but no measurements are made. In 
addition, signals applied to the multiplexed inputs have no 
effect. A new measurement is initiated after the HOLD input 
goes low. (This mode does not operate when functioning as 
a unit counter.) 

1MHz Select — The 1MHz select mode allows use of a 
1MHz crystal with the same digit multiplex rate and time 
between measurements as a 10MHz crystal. The internal 
decimal point is also shifted one digit to the right in period 
and time interval, since the least significant digit will be in 
1/jis increments rather than 0.1 ^s. 

External Oscillator Enable — In this mode, the EXTer- 
nal oscillator INput is used, rather than the on-chip 
oscillator, for the Timebase and Main Counter inputs in 
period and time interval modes. The on-chip oscillator will 
continue to function when the externa! oscillator is selected, 
but have no effect on circuit operation. The external 
oscillator input frequency must be greater than 100kHz or 
the chip will reset itself and enable the on-chip oscillator. 
Connect external oscillator to both OSC IN (pin 35) and 
EXT OSC IN (pin 33), or provide crystal for "default" 
oscillation, to avoid hang-up problems if an external OSC or 
TXCO will always be used, AC couple to OSC IN. 

External Decimal Point Enable — When external deci- 
mal point is enabled, a decimal point will be displayed 
whenever the digit driver connected to the EXTERNAL 
DECIMAL POINT pin is active. Leading Zero Blanking will 
be disabled for all digits following the decimal point. 

RANGE INPUT 

The range input selects whether the measurement is 
made for 1, 10, 100 or 1000 counts of the reference 
counter, or if the EXTernal RANGE INput determines the 
measurement time. In all functional modes except unit 
counter, a change in the RANGE input will stop the 
measurement in progress, without updating the display, and 
initiate a new measurement. This prevents an erroneous 
first reading after the RANGE input Is changed. 

FUNCTION INPUT 

Six functions can be selected. They are: Frequency, 
Period, Time Interval, Unit Counter, Frequency Ratio 
and Oscillator Frequency. 

These functions select which signal is counted into the 
main counter and which signal is counted by the reference 
counter, as shown in Table 2. In time interval a flip flop is 
set first by a 1 -* transition at INPUT A and then reset by a 
1 -^ transition at INPUT B. The oscillator is gated into the 
Main Counter during the time the flip flop is set. A change In 
the FUNCTION input will stop the measurement in progress 
without updating the display and then initiate a new 
measurement. This prevents an erroneous first reading 
after the FUNCTION input is changed. If the main counter 
overflows, an overflow indication is output on the Decimal 
Point Output during Ds- 



Table 2: Input Routing 



DESCRIPTION 


MAIN COUNTER 


REFERENCE 
COUNTER 


Frequency (fA) 


Input A 


100 Hz (Oscillator 
^ 10^ or 10^) 


Period (tA) 


Oscillator 


Input A 


Ratio (fA/fB) 


Input A 


Input B 


Time Interval 
(A-^B) 


Osc ON 
Gate 


Osc OFF, 
Gate 


Unit Counter 
(Count A) 


Input A 


Not Applicable 


Osc. Freq. 
(fosc) 


Oscillator 


100 H2 (Oscillator 
^10^ or 10"^) 



EXTERNAL DECIMAL POINT INPUT 

When the external decimal point is selected, this input 
is active. Any of the digits, except Ds, can be connected to 
this point. Ds should not be used since it will override the 
overflow output and leading zeros will remain unblanked 
after the decimal point. 

HOLD Input — Except in the unit counter mode, when 
the HO LD input is at .Vdd. any measurement in progress 
(before STORE goes low) is stopped, the main counter is 
reset and the chip is held ready to initiate a new measure- 
ment as soon as HOLD goes low. The latches which hold 
the main counter data are not updated, so the last complete 
measurement is displayed. In unit counter mode when 
HOLD input is at Vpo. the counter is not stopped or reset, 
but the display is frozen at that instantaneous value. When 
HOLD goes low the count continues from the new value in 
the counter. 
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Figur e 9: External Range Input to En d of 
MEASUREMENT IN PROGRESS. 
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RESET Input — The RESET Input resets the main count- 
er, stops any measurement in progress, and enables the 
main counter latches, resulting in an all zero output. A 
capacitor to ground will prevent any hang-ups on power-up. 

External RANGE Input — The EXTernal RANGE Input 
is used to select other ranges than those provided on the 
chip. Figure 9 shows the relationship between MEASure^ 
ment IN PROGRESS and EXTernal RANGE Input 



MEASUREMENT IN PROGRESS, STORE AND RESET 
Outputs — These Outputs are provided to facilitate exter- 
nal interfacing. Figure 10 shows the relaitionship between 
these signals during the time between measurements. All 
three outputs can drive a low powe r Schottky TTL load. The 
MEASUREMENT IN PROGRESS output can directly drive 
one EGL load, if the ECL device is powered froni the same 
power supply as the ICM7226. 
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Figure 10: RESET OUT, STOR E, and 

MEASUREMENT IN PROGRESS Outputs 

Between Measurements. 



BCD Outputs — The BCD representation of each digit 
output is available at the BCD outputs; see Table 3 for Truth 
Table. The positive going (ICM7226A-Common Anode) or 
negative going (ICM7226B — Common Cathode) digit driv- 
ers lag the BCD data by 2 to 6 microseconds; the leading 
edge of the digit drive signal should be used to externally 
latch the BCD data. Each BCD output will drive one low 
power Schottky TTL load. The display is multiplexed from 
MSD to LSD. Leading zero blanking has no effect on the 
BCD outputs. 

Table 3: Truth Table BCD Outputs 





BCD 8 


BCD 4 


BCD 2 


BCD 1 


NUMBER 


PIN 7 


PIN 6 


PIN 17 


PIN 18 

















1 


b 










2 








1 





3 








1 




4 





1 








5 





1 







6 





1 


1 





7 





1 


1 




8 


1 











9 


1 











BUFFered OSCillator OUTput — The BUFFered Oscil- 
lator OUTput has been provided to enable use of the on 
chip oscillator signal without loading the oscillator itself. 
This output will drive one low power Schottky TTL load. 
Care should be taken to minimize capacitive loading on this 
pin. 

DISPLAY CONSIDERATIONS 

The display Is multiplexed at a 500Hz rate with a digit time 
of 244/Lis, and an interdigit blanking time of 6)us to prevent 
ghosting between digits. The decimal point and leading zero 
blanking have been implemented for right hand decimal 
point displays; zeros following the decimal point will not be 
blanked. Leading zero blanking will also be disabled if the 
Main Cour\ter overflows. The internal decimal point control 
displays frequency in kHz ahd time In /us. 

The ICM7226A Is designed to driye common anode LED 
displays at a peak current of 25mA/segment, using displays 
with Vp = 1.8V at ?5mA. The average DC current will be 
greater than 3mA under these conditions. The ICM7226B is 
designed to drive common cathode displays at a peak 
current of 1 5mA/?egment, using displays with Vp = 1.8V- at 
1 5mA. Resistors can be added in series with the segment 
drivers to limit the display current, If required. Figui-esll, 
12, 13 and 14 show the digit and segment currents as a 



function of output voltage for common anode and common 
cathode drivers. 




VOO * Vo (VOLTS) 



Figure 11: ICM7226A Typical Iqig vs. 
VdD"Vo 4.5 < Vdd ^ 6.0V 
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Figure 12: ICM7226A Typical IseG vs. Vq 
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Figure 13: ICM7226B Typical Iqig vs. Vq 
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VdD Vout (VOtTS) 



Figure 14: ICM7226B Typical IsEG vs. 
(VdD-Vo) 4.5V < Vdd ^ 6.0V 



To increase the light output from the displays, Vdd "^ay 
be increased to 6.0V, however care should be taken to see 
that maximum power and current ratings are not exceeded. 

The SEGment and Digit outputs in both the 7226A and B 
are not directly compatible with either TTL or CMOS logic. 
Therefore, level shifting with discrete transistors may be 
required to use these outputs as logic signals. External 
latching should be done oh the leading edge of the, digit 
signal. 

ACCURACY 

In a Universal Counter, crystal drift and quantization 
errors cause errors, in frequency, period and time inter- 
val modes, a signal derived from the oscillator is used either 
in the Reference Counter or Main Counter, and in these 
modes, an error in the oscillator frequency will cause an 
Identical error in the measurement. For instance, an oscilla- 
tor temperature coefficient of 20ppm/°C will cause a 
measurement error of 20ppm/°C. 

In addition, there is a quantization error inherent in any 
digital measurement of ±1 count. Clearly this error is 
reduced by displaying more digits. In the frequency mode, 
maximum accuracy is obtained with high frequency inputs, 
and in period mode maximum accuracy is obtained with low 
frequency inputs. As can be seen in Figure 15, the least 
accuracy will be obtained at 10kHz. In time interval 
measurements there is a maximum error of 1 count per 
interval. As a result there is the same inherent accuracy in 
all ranges, as shown in Figure 16. In frequency ratio 
measurement more accuracy can be obtained by averaging 
over more cycles of INPUT B as shown in Figure 17. 
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Figure 15: Maximum Accuracy of 

Frequency and Period Measurements Due 

to Limitations of Quantization Errors. 
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CIRCUIT APPLICATIONS 

The ICM7226 has been designed as a complete stand 
alone Universal Counter, or used with prescalers and other 
circuitry in a variety of applications. Since A IN and B IN are 
digital inputs, additional circuitry will be required in many 
applications, for input buffering, amplification, hysteresis, 
and level shifting to obtain the required digital voltages. For 
many applications an FET source follower can be used for 
input buffering, and an ECL 101 16 line receiver can be used 
for amplification and hysteresis to obtain high impedance 
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input, sensitivity and bandwidth. However, cost and com- 
plexity of this circuitry can vary widely, depending upon the 
sensitivity and bandwidth required. When TTL prescalers or 
input buffers are used, pull up resistors to Vqd should be 
used to bbtain optimal voltage swing at A IN and B IN. 
If prescalers aren't required, the ICM7226 can be used to 
implement a minimum component Universal counter as 
shown in Figure 18. 

For Input frequencies up to 40MHz, the circuit shown in 
figure 14 can be used to implement a frequency and 
period counter. To obtain the correct value when measur- 
ing frequency and period, it is necessary to divide the 
10MHz oscillator frequency down to 2.5MHz. In doing this 



the time between measurements is lengthened to 800ms 

and the display multiplex rate is decreased to 125Hz. 
I 
If the input frequency is prescaled by ten, the oscillator 
frequency can remain at either 10MHz or 1MHz, but the 
decimal point must be moved. Figure 20 shows use of a ^ 
1 prescaler in frequency counter mode. Additional logic 
has been added to enable the 7226 to count the input 
directly in period mode for maximum accuracy. Note that A 
IN comes from Qc rather than Qp, to obtain an input duty 
cycle of 40%. If an output with a, duty cycle not near 50% 
must be used then it may be necessary to use a 74LS121 
monostable multivibrator or similar circuit to stretch the 
input pulse to guarantee a 50ns minimum pulse width. 
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Figure 18: 10MHz Universal Counter 
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Notes: 1) If a 2.5MHz crystal is used, , diode D1 and I.C.'s 1 and 2 can be eliminated. 

Figure 19: 40MHz Frequency, Period Counter 
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Figure 20: 100MHz ly/luiti Function Counter 
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Figure 21: lOOMHz Frequency, Period Counter 



Figure 21 shows the use of a CD4016 analog multiplexer 
to multiplex the digital outputs back to the FUNCTION Input. 
Since the CD4016 is a digitally controlled analog transmis- 
sion gate, no level shifting of the digit output is required. 
CD4051's or CD4052's could also be used to select the 
proper Inputs for the multiplexed input on the ICM7226 from 
2 or 3 bit digital inputs. These analog multiplexers may also 
be used in systems in which the mode of operation is 
controlled by a microprocessor rather than directly from 
front panel switches. TTL multiplexers such as the 74LS1 53 
or 74LS251 may also be used, but some additional circuitry 
will be required to convert the digit output to TTL compatible 
logic levels. 

The circuit shown in Figure 22 can be used in any of the 
circuit applications shown to implement a single measure- 
ment mode of operation. This circuit uses the STORE 
output to put the ICM7226 into a hold mode. The HOLD 
input can also be used to reduce the time between 
measurements. The circuit shown in Figure 23 puts a short 
pulse into the HOLD input a short time after STORE goes 
low. A new measurement will be initiated at the ^nd of the 
pulse on the HOLD Input. This circuit reduces the time 
between measurements to less than 40ms from 200ms; use 
of the circuit shown in Figure 23 on the circuit shown in 
Figure 1 9 will reduce the time between measurements from 
1600ms to 800ms. 
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Figure 22: Single fVleasurement Circuit 
for Use With ICM7226 
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Figure 23: Circuit for Reducing Time 
Between IMIeasurements 
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Figure 25 shows the ICM7226 being interfaced to LCD 
displays, by using its BCD outputs and 8 digit lines to drive 
two ICM7211 display drivers. The ICM7226 EV/Kit may 
easily be interfaced to 2 ICM7211 EV/Kits in this way. A 
similar arrangement can be used for driving vacuum fluores- 
cent displays with the ICM7235. 

OSCILLATOR CONSIDERATIONS 

The oscillator is a high gain complementary FET inverter. 
An external resistor of 10M^ or 22M^ should be connect- 
ed between the oscillator input and output tb provide 
biasing. The oscillator is designed to work with a parallel 
resonant 10MHz quartz crystal with a load capacitance of 
22pF and a series resistance of less than 3512. Among 
suitable crystals is the 10MHz CTS KNIGHTS ISI-002. 

For a specific crystal and load capacitance, the required 
gm can be calculated as follows: 

(C \2 



where Cl - 



CinCqut 
iC|N + CbuTi 



- in the 1 MHz mode. 
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Figure 25: lOi^Hz Universal Counter System 
with LCD Display 



s 

10 
10 

m 
> 



Co = Crystal static capacitance 

Rs = Crystal Series Resistance 

Cin = Input Capacitance 

Cout = Output Capacitance 

CO = 27rf 

The required gm should not exceed 50% of the gm 
specified for the ICM7226 to insure reliable startup. The 
oscillator input and output pins each contribute about 4pF 
to CjN and CquT- For maximum frequency stability, C|n and 
CouT should be approximately twice the specified crystal 
load capacitance. 

In cases whfere nondecade prescalers are used, it may 
be desirable to use a crystal which is neither 10MHz nor 
IMH2. In this case both the multiplex rate and the time 
between measurements will be different. The multiplex rate 

'OSC "OSC 

"'^ *mux = r— TTI ^or lOMHz mode and fmux = 7-TT3 ^or 
2x10^ 2x10^ 

the 1MHz mode. The time between measurements is 
2x10^ 2x10^ 
in the 10MHz mode and 

^osc ^osc 

The buffered oscillator output should be used as an 
oscillator test point or to drive additional logic; this output 
will drive one low power Schottky TTL load. When the 
buffered oscillator output is used to drive CMOS or the 
external oscillator input, a 10kl2 resistor should be added 
from the buffered oscillator output to Vdd- 

Thfe crystal and oscillator components should be located 
as close to the chip as practical to minimize pickup, from 
other signals. In particular, coupling from the BUFFfered 
oscillator OUTput and EXTernal OSCiHator INpUt to the 
oscillator OUTput or OSCillator INput can cause undesir- 
able shifts in oscillator frequency. To minimize this coupling, 
pins 34 and 37 should be connected to Vqd or Vss and 
these two signals should be kept away from the oscillator 
circuit. 
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§ ICM723B 

s 4V2-Digit Counter/Vacuum 
- Fluorescent Display Driver 




GENERAL DESCRIPTION 

The ICM7236 and ICIVI7236A devices are high-perfor- 
mance CMOS 4V2-digit counters. They include 7-segment 
decoders, output latches, count inhibit, reset, and leading 
zero blanking circuitry, as well as twenty-nine high-voltage 
open drain P-channel transistor outputs suitable for driving 
non-multiplexed (static) vacuum fluorescent displays. 

The ICM7236 is a decade counter, providing a maximum 
count of 19999, while the ICM7236A is intended for timing 
purposes, and provides a maximum count of 1 5959. 

The CQunter section of the two devices in the ICM7236 
family provides direct static counting from DQ to 15MHz 
guaranteed (with a 5V ±10% supply) over the operating 
temperature range. At normal room temperatures, the 
device will typically count up to 25MHz. The COUNT input is 
provided with a Schmitt triggei- for operation in noisy 
environments and allows correct counting with slowly 
changing inputs. These devices also provide count inhibit, 
store and reset circuitry which allow a direct interface to the 
ICM7207 devices. This results in a low cost, low power 
frequency counter with minimum component count. 

These- devices also incorporate featur es inten ded to 
simplify cascading in four-digit blocks. The CARRY output 
allows the counter to be cascaded, while the Leading Zero 
Blanking INput and OUTput allow correct leading zero 
blanking between four-decade blocks. 

The ICM7236 and ICM7236A are packaged in a standard 
40-pin dual-in-line plastic and CERDIP packages. 

ORDERING INFORMATION 



ORDER PART 
NUMBER 


TEMPERATURE 
RANGE 


PACKAGE 


ICM7236IJL 


-40^C to + 86*'C 


40-PIN CERDIP 


ICM7236AIJL 


-40X to + 85°C 


40-PIN CERDIP 


ICM7236IPL 


-40*'C to + 85*'C 


40-PIN PLASTIC 
DIP 


ICM7236AIPL 


-40°C to + 85°C 


40-PIN PLASTIC 
DIP 


ICM7236/D 


-40''C to + 85°C 


DICE 


ICM7236A/D 


-40X to + 85X 


DICE 


ICM7236EV/KIT 




EVALUATION KIT 



FEATURES 

• High Frequency Counting — Guaranteed 15MHz, 
Typicaliy 25MHz at Ta-25°C 

• Low Power Operation — Less Than lOOjuW 
Quiescent 

• Direct 4V2-Digit Seven-Segment Dispiay Drive for 
Non-Mu itiple xed Va cuum Fluorescent Displays 

• STORE and RESET Inputs Permit Operation As 
Freq uency or Period Counter 

• True COUNT INHIBIT Disables First Counter 
Stage 

• CARRY Output for Cascading Four-Digit Blocks 

• Schmitt-Trigger On COUNT Input Allows 
Operation in Noisy Environments or With Slowly 
Changing Inputs 

• Leading Zero Blanking INput and OUTput for 
Correct Leading Zero Blanking With Cascaded 
Devices 
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Figure 1: Pin Configuration 
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ICM7236 

ABSOLUTE MAXIMUM RATINGS 

Power Dissipation (Note 1)... 0.5W @ +70°C 

Supply Voltage (Vqd-Vss) :..6.5V 

Display Voltage (Note 3) Vqd -35V 

Input Voltage Vss-0.3V to Vdd + 0.3V 

stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional 
.operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied Exposure to 
absolute maximum rating conditions for extended penods may affect device reliabiity. 



Operating Temperature Range -40°C to +85°C 

Storage Temperature Range ...-55°C to +125°C 

Lead Temperature (Soldering, 10sec) .....300°C 
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Figure 2: Functional Diagram 



ELECTRICAL CHARACTERISTICS (All parameters measured with Vpp = 5V. Ta = 
othenA/ise indicated). 



25°C, Vss = OV unless 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


VSUPPLY 


Operating Supply Voltage Range (Vqd-Vss) 




3 


5 


6 


V 


IDD 


Operating Current 


Test circuit, Display blank 




10 


50 


mA 


Vdisp 


Display Voltage 








30 


V 


Idlk 


Display Output Leakage 


Output OFF, Vdisp = Vdd- 30V 




0.1 


10 


ma 


'P 


Input Pullup Currents 


Pins 29. 31, 33, 34 V|n = Vdd-3V 




10 




HA 


V|H 


Input High Voltage 


Pins 29, 31, 33, 34 


3 






V 


V|L 


Input Low Voltage 


Pins 29, 31, 33, 34 






2 


V 


VCT 


COUNT Input Threshold 






2 




V 


VCH 


COUNT Input Hysteresis 






0.5 




V 


Iqh 


Output High Current 


CARRY (Pin 28), LZB OUT (Pin 30) 
V0UT = Vdd-3V. 


350 


500 




mA 


Iql 


Output Low Current 


CARRY (Pin 28), LZB OUT (Pin 30) 
VouT= +3V. 


350 


500 




mA 


^count 


Count Frequency 


4.5V < Vdd < 6V 





25 


15 


MHz 


ts. tw 


STORE, RESET Minimum Pulse Width 




3 






MS 



NOTES: 1. This limit refers to that of the package and will not occur dunng normal operation. 

2. Due to the SCR structure inherent in the CMOS process used to fabricate these devices, connecting any terminal to voltages 
greater than Vqd or less than ground may cause destructive device latchup. For this reason, it is recommended that no inputs 
from external sources not operating on the same power supply be applied to the device before its supply is established, and that 
in multiple supply systems, the supply to the ICM7236/7236A be turned on first. 

3. This limit refers to the display output terminals only. 
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OPERATING GHARACTERISTICS 
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Figure 3: Test Circuit 



TYPICAL PERFORMANCE CHARACTERISTICS 



Output Characteristics 
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ICM7236 

DESCRIPTION OF OPERATION 

Both devices in the ICM7236 family provide twenty-nine 
outputs suitable for directly driving the anode terminals of 
4V2 digit seven-segment non-multiplexed (static) vacuum- 
fluorescent displays. Each display output is the drain of a 
high-voltage low-leakage P-channel transistor, capable of 
withstanding typically greater than -35 volts with respect to 
Vdd- The output characteristics are shown graphically 
under "Typical Characteristics." 

These chips also provide a display ON/OFF input which 
may be used to disable all the segment outputs and thus 
blank the display. This input may also be used to control the 
display brightness by varying the duty cycle of a signal at 
the input swinging between Vqd and Vss- 

Note that these circuits have two terminals for VddJ both 
of these pins should be connected to the power supply 
positive terminal. The double connection is necessary to 
minimize effects of bond wire resistance with the large total 
display currents possible. 

These chips may also be used to directly drive non- 
multiplexed common-cathode LED displays, where each 
segment of the display is driven by one ICM7236 output, 
and the common cathode is connected to ground. With a 
5V power supply and a 1.7V LED diode forward voltage 
drop, the current in an "ON" segment will be typically 3mA. 
This should provide sufficient brightness in displays up to 
about 0.3" character height. 
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Figure 4: Segment Assignment 
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Figure 5: Display Font 



COUNT input and a CARRY output. Also included is an 
extra D-type flip-flop, clocked by the carry signal, which 
controls the half-digit segment driver. This can be used as 
either a true half-digit or as an overflow indicator. The 
counter will increment on the negativ e-going e dge of the 
signal at the COUNT input, and the CARRY output will 
provide a negative-going edge following the count which 
increments the counter from 9999 (or 5959) to 1 0000. Once 
half-digit flip-flop has been clocked, it can only be reset 
(with th e rest of the counter) by a negative level at the 
RESET terminal, pin 33. However, the four decades will 
continue to count in a norma l fashion after the half-digit is 
set, and subsequent CARRY outputs will not be affected. 



10 
0) 



COUNTER SECTION 

The devices in the ICM7236 family implement a four-digit 
ripple-carry resettable counter, including a Schmitt trigger 



A negative level at the COUNT INHIBIT disables the first 
divide-by-two flip-flop in the counter chain without affecting 
its clock. This provides a true count inhibit which is not 
sensitive to the state of the COUNT input, and prevents 
false counts which can result from a normal logic gate 
forcing the state of the clock to prevent counting. 

Each decade is fed directly into a four-to-seven line 
decoder which generates the seven-segment output code. 
Each decoder output corresponds to one-segment terminal 
of th e device . The output data is latched at the driver. When 
the STORE pin is at a negative level, the latches are 
updated, and when the pin is left open or at a positive level, 
the latches hold their contents. 

The decoders also include zero detect and blanking logic 
to provide leading zero blanking. When the Leading Zero 
Blanking INput is floating, or at a positive level, this circuitry 
is enabled and the device will blank leading zeroes. When 
the Leading Zero Blanking INput is at a negative level, or 
the half-digit is set, leading zero blanking is inhibited, and 
zeroes in the four digits will be displayed. The Leading Zero 
Blanking OUTput is provided to allow cascaded devices to 
blank leading zeroes correctly. This output will assume a 
positive level only when all four digits are blanked, and can 
only occur when the Leading Zero Blanking INput is at a 
positive level and the half-digit is not set. 

For example, on an eight-decade counter with overflow 
using two ICM7236 devices, the Leading Zero Blanking 
OUTput of the high-order digit device would be connected 
to the Leading Zero Blanking INput of the low-order digit 
device. This will assure correct leading zero blanking for all 
eight digits. 

The STORE, RESET, COUNT INHIBIT, and Leading Zero 
Blanking INputs are provided with internal pullup devices, 
so that they may be left open when a positive level is 
desired. The CARRY and Leading Zero OUTputs are 
suitable for interfacing to CMOS logic in general, and are 
specifically designed to allow cascading of ICM7236 de- 
vices in four-digit blocks. 

CONTROL INPUT DEFINITIONS 

In this table, Vdd and Vss are considered to be normal 
operating input logic levels. Actual input low and high levels 
are specified under Operating Characteristics. For lowest 
power consumption, input signals should swing over the full 
supply. 
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N.E.C. Electromcs, Inc. 
Model FIP5F8S . 
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ICM7240/ICM7250 

ICM7260 

Programmable Timer 




GENERAL DESCRIPTION 

The ICM7240/50/60 is a family of CMOS Timer/Counter 
circuits intended to replace Intersil's ICM8240/50/60 and 
the 2240 in most applications. Together with the ICM7555/ 
56 (CMOS versions of the SE/NE 555/6), they provide a 
complete line of RC oscillators/timers/counters offering 
lower supply currents, wider supply voltage ranges, higher 
operating frequencies, lower component counts and a wider 
range of timing components. They are intended to simplify 
the selection of various time delays or frequency outputs 
from a fixed RC oscillator circuit. 

Each device consists of a counter section, control 
circuitry, and an RC oscillator requiring an external resistor 
and capacitor. For counter/divider applications, the oscilla- 
tor may be inhibited and an input clock applied to the TB 
terminal. The ICM7240 is intended for straight binary 
counting or timing, whereas the ICM7250 is optimized for 
decimal counting or timing. The ICM7260 is specifically 
designed for the time delays in seconds, minutes and hours. 
All three devices use open drain output transistors, thereby 
allowing wire AND-ing. Manual programming is easily ac- 
complished by the use of standard thumbwheel switches or 
hardwired connections. The ICM7240/50/60 are packaged 
in 16 pin CERDIP packages. 

Applications include programmable timing, long delay 
generation, cascadeable counters, programmable counters, 
low frequency oscillators, and sequence timing. 



FEATURES 

• Replaces 8240/50/60, 2240 in Most Applications 

• Timing From Microseconds to Days 

• May Be Used As Fixed or Programmable 
Counter 

• Programmable With Standard Thumbwheel 
Switches 

• Select Output Count From 
IrC to 255rc (ICM7240) 
IrC to 99rc (ICM7250) 
IrC to 59rc (ICM7260) 

• Monostable or Astable Operation 

• Low Supply Current: IISjuA @ 5 Volts 

• Wide Supply Voltage Range: 2-16 Volts 

• Cascadeable 

ORDERING INFORMATION 
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PART 
NUMBER 


TEMPERATURE 
RANGE 


PACKAGE 


ICM7240IJE 


-25*'C to +85''C 


16 Lead CERDIP 


ICM7250IJE 


-25X to +85X 


16 Lead CERDIP 


ICM7260IJE 


-25°C to +85''C 


16 Lead CERDIP 


ICM7240/D 


— 


DICE** 


ICM7250/D 


— 


DICE** 


ICM7260/D 


~ 


DICE** 



**Parameter Min/Max Limits guaranteed at 25°C only for DICE orders. 




7250/60 7240 




16 C 5 

32 C 6 

64 C 7 

128 C 8 



leP^DO 

N/C (7240) 

CARRY OUT (7250/60) 
D TBI/0 



DRC 

DM00 

J TRIGGER 

3 RESET 

DVss 



Figure 1: Functional Diagram 
ICM7240/50/60 



40 
80* 

*7260 OPEN CIRCUIT 



Figure 2: Pin Configuration 

(Outline dwg JE) 

ICM7240/7250/7260 
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Power Dissipation^^^ 200mW 

Operating Temperature Range -25X to +85°C 

Storage Temperature Range - 65°C to + 1 50°C 

Lead Temperature (Soldering, 10sec) ....300°C 



ICM7240/ICM7250/ICM7260 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage (Vqd-Vss) 18V 

Input Voltage^^^ 

Terminals 10,11.12,13,14........ Vss -0.3V to Vpo+'O-SV 

Maximum continuous output 

current (each output) 50mA 

NOTES: 1. Due to the SCR structure inherent in the CMOS process, connecting any terminal to voltages greater than Vdd or less than Vss friay cause 
destructive device latchup. For this reason, it is recommended that no inputs from external sources not operating on the same supply be applied to 
the device before its supply is established, and that in multiple supply systems, the supply to the ICM7240/50/60 be turned on first. 
2. Derate at -2mW/°C above 25°C. 

NOTE: Stresses above those listed under, Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings only, and 

functional operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. 

Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 

ELECTRICAL CHARACTERISTICS 

(Vdd = 5V, Ta= +25°C, R = 10kfi, Vdd = OV C = 0.1mK unless otherwise specified.) 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


VSUPPLY 


Guaranteed Supply Voltage 
(Vdd-Vss) 




2 




16 


V 


Idd 


Supply Current 


Reset 

Operating, R = lOkU C = 1juF 

Operating, R = ^M^, C = 0.1 mF 

TB Inhibited, RC Connected to GND 




125 
300 
120 

125 , 


800 
600 


ma 




Timing Accuracy 






5 




% 


Af/AT 


RC Oscillator Frequency 
Temperature Drift 


(Exclusive of RC Drift) 




250 




ppm/°C 


Vqtb 


Time Base Output Voltage 


ISOURCE=100iuA 
ISiNK = 10mA 




3.50 
0.40 




V 


IJBLK 


Time Base Output 
Leakage Current 


RC = Ground 






25 


mA 


Vmod 


Mod Voltage Level 


Vdd = 5V 

Vdd -15V 




3.5 
11.0 




V 
V 


VjRlG 


Tngger Input Voltage 


Vdd = 5V 

Vdd = 15V 




1.6 
3.5 


20 
4.5 


V 
V 


Vrst 


Reset Input Voltage 


Vdd = 5V 

Vdd = 15V 




1 3 
2.7 


2.0 
40 


V 
V 


ft 


Max Count Toggle Rate 
7240 


Vdd = 2V 1 

Vdd = 5V - Counter/Divider Mode 

Vdd = 15V -J 

50% Duty Cycle Input with Peak to 

Peak Voltages Equal to Vdd and Vss 


2 


1 
6 
13 




MHz 
MHz 
MHz 


ft 


Max Cdunter Toggle Rate 
7250. 7260 


Vdd = 5V 

(Counter/ Divider Mode) 


2 


5 




MHz 


ft 


Max Count Toggle Rate 
7240, 7250, 7260 


Programmed Timer ^— Divider Mode 






100 


kHz 


VSAT 


Output Saturation Voltage 


All Outputs except TB Output 
Vdd = 5V, louT = 3.2 mA 




0.22 


0.4 


V 


Iqlk 


Output Leakage Current 


Vdd = 5V, per Output 






1 


HA 


Ct 


MIN Timing Capacitor (Note 1) 




10 






PF 


Rt 


Timing Resistor Range (Note 1) 


Vdd ^ 5.5V 

Vdd ^ 16V 


IK 
IK 




12M 
12M 





NOTE: 1. For Design only, not 100% tested. 
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S1-A = RCRUN S2.A = INACTIVE S3-A = INACTIVE 

B = T.B. INPUT RUN B = TRIGGER B = RESET 

N0TE:S1-B INHIBITS THE TIMEBASE SECTION, ALLOWING 

TERMINAL 14 TO BECOME THE COUNTER INPUT. 

*• TERMINAL 15 IS CARRY OUTPUT FOR 7250/60 

DEVICES. 

* TERMINAL 8 IS OPEN CIRCUIT FOR 7260. 



Figure 3: Test Circuit 
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ICM7240/ICM7250/ICM7260 

TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 



MrNIMUM RESET PULSE WIDTH AS A FUNCTION 
OF RESET AMPLITUDE 
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CIRCUIT DESCRIPTION 

The timing cycle is initiated by applying a p6sitive-going 
trigger pulse to pin 11. This pulse enables the counter 
section, sets all counter outputs to the LOW or ON state, 
and starts the time base oscillator. Then, external C is 
charged through external R from 20% to 70% of Vqd-Vss. 
generating a timing waveform with period t, equal to Trc- A 
short negative clock or time base pulse occurs during the 
capacitor discharge portion of the waveform. These clock 
pulses are counted by the binary counter of the 7240 or by 
two cascaded Binary Coded Decimal (BCD) Counter^ in the 
7250/60. The timing cycle terminates when a positive level 
is applied to RESET. When the circuit is at reset, both the 
timo base and the counter sections are disabled and all the 
counter outputs are at a HIGH or OFF state. The carry-out is 
also HIGH. Each of the three devices utilizes an identical 
timebase, control flip-flops, and basic counters, with the 
outputs consisting of open drain n-channel transistors. Only 
the ICM7250/60 have CARRY outputs. 

In most timing applications, one or more of the counter 
outputs are connected back to RESET the circuit will start 
timing when a TRIGGER is applied and will automatically 
reset itself to complete the timing cycle when a pro- 
grammed count is completed. If none of the counter outputs 
are connected back to the RESET (switch S-i open), the 
circuit operates in its astable, or free-running mode, after 
Initial triggering. 

DESCRIPTION OF PIN FUNCTIONS 

COUNTER OUTPUTS (PINS 1 THROUGH 8) 

Each binary counter output is a buffered "open-drain" 
type. At reset condition, all the counter outputs are at a 
high, or non-conducting state. After a trigger input or when 
using the internal timebase, the outputs change state (see 
timing diagram. Figure 4). If an external clock input is used, 
the trigger input must overlap at least the first falling edge of 
the clock. The counter outputs can be used Individually, or 
can be connected together in a wired-AND configuration, as 
described in the Programming section. 



A 



I II I II I II I I I - 
-L_rLn_rLn_rLr- 



2 OUTPUT (TERMINAL 1) 




- 4 OUTPUT (TERMINAL 2) 



8 OUTPUT (TERMINAL 3) 



+ 256 OUTPUT 
(TERM4NAL 8, 7240 ONLY) 



Figure 4: Timing Diagram for ICI\/l7240/50/60 



Vss (PIN 9) 

This is the return or most negative supply pin. It should 
have a very low Impedance as the capacitor discharge and 
other switched currents could create transients. 



RESET AND TRIGGER INPUTS (PINS 10 AND 11) 

The circuits are reset or triggered by a positive level 
applied to pins 10 and 11, and once triggered they ignore 
additional trigger inputs until either the timing cycle is 
completed or a reset signal is applied. If both reset and 
trigger are applied simultaneously trigger overrides reset. 
Minimum input pulse widths are shown in the typical 
performance characteristics. Note that all devices feature 
power ON reset. 
MODULATION AND SYNC INPUT (PIN 12) 

The period, t, of the time base oscillator can be modulat- 
ed by applying a DC voltage to this terminal. The time base 
oscillator can be synchronized to an external clock by 
applying a sync pulse to pin 12. 
TIMEBASE INPUT/OUTPUT PIN (PIN 14) 

While this pin can be used as either a time base input or 
output terminal, it should only be used as an Input if the RC 
pin is connected to Vss- 

If the counter is to be externally driven, care should be 
taken to ensure that fall times are fast (see Operating Limits 
section). 

Under no conditions is a 300pF capacitor on this terminal 
useful and should be removed if a 7240/50/60 is used to 
replace an 8240/50/60 or 2240. 
CARRY OUTPUT (PIN 15, ICM7250/60 ONLY) 

This pin will go HI for the last 10 counts of a 59 or 99 
count, and can be used to drive another 7250 or 7260 
counter stage while still using all thq counter outputs of the 
first. Thus, by cascading several 7250' s a large BCD 
countdown can be achieved. 

The basic timing diagrams for the ICM7240/50/60 are 
shown in Figure 4. Assuming that the device is in the 
RESET mode, which occurs on powerup or after a positive 
level on the RESET terminal (if TRIGGER is low), a positive 
level on the trigger input signal will initiate normal operation. 
The discharge transistor turns on, discharging the timing 
capacitor C, and all the flip-flops in the counter chain 
change states. 

Note that for straight binary counting the outputs are 
symmetrical; that is, a 50% duty cycle HI-LO. This is not the 
case when using BCD counting. (See Figure 6.) 

PROGRAMMING CAPABILITY 

The counter outputs, pins 1 through 8, are open-drain N- 
channel FETs, and can be shorted together to a common 
pull-up resistor to form a "wired-AND" connection. The 
combined output will be LOW as long as any one of the 
outputs is low. Each output is capable of sinking ^5mA. In 
this manner, the time delays associated with each counter 
output can be summed by simply shorting them together to 
a common output. For example, if only pin 6 is connected to 
the output and the rest left open, the total duration of the 
timing cycle (monostable mode) to would be 32t for a 7240 
and 20t for a 7250/60. Similarly, If pins, 1, 5, and 6 were 
shorted to the output bus, the total time delay would be 
to = (1 + 16 + 32)t for the 7240 or (1 + 10 + 20)t for the 
7250/60. Thus, by selecting the number of counter termi- 
nals connected to the output bus, the timing cycle can be 
programmed from: 

1t<to<255t (7240) 

1t<to<99t (7250) 

1t<to<59t (7260) 
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l€M7240/ICM7250/ICM7260 

Note that for the 7^50 and 7260, invaiid count states 
(BCD values > 10) will not be recognized and the counter 
will not stop. 

The 7240/50/60 can be configured to initiate a controlled 
timing cycle upon power up, and also reset internally; see 
Figure 5. Applications for this could include lawn watering 
sprinkler timing, pump operation, etc. 

BINARY OR DECIMAL PATTERN 
GENERATION 

In astable operation, as shown in Figure 5, the output of 
the 7240/50 appears as a complex pulse pattern. The 
waveform of the output pulse train can be determined 
directly from the timing diagram of Figure 4, which shows 
the phase relations between the counter outputs. Figure 6 
shows some of these complex pulse patterns. The pulse 
pattern repeats itself at a rate equal to the period of the 
highest counter bit connected to the common output bus. 
The minimum pulse width contained in the pulse train is 
determined by the lowest counter bit connected to the 
output. 

THUMBWHEEL SWITCHES 

While the ICM7240 is frequently hard wired for a particu- 
lar function, the ICM7250 and ICM7260 can easily be 
programmed using thumbwheel switches. Standard BCD 
thumbwheel switches have one common and four inputs 
(1 ,2,4 and 8) which are connected according to the binary 
equivalent to the digits through 9. 

For a single ICM7250 two such switches would select a 
time of 1rc to 99rc. Cascading two ICM7250's (using the 
carry out gate) would expand selection to 9999rc. For a 



ICM7260, there are standard BCD thumbwheel switches for 
the through 5 digit (twelve position to 5 repeated). 

NOTES ON THE COUNTER SECTION 

Used as a straight binary counter (ICM7240), as a -MOO 
(ICM7250), or -r60 (ICM7260) all devices are signiticantiy 
faster than their bipolar equivalents. However, when using 
these devices as programmable counters the maximum 
frequency of operation is reduced by more than an order of 
magnitude. For any division ratio other than 256 (ICM7;^40), 
100 (ICM7250), or 60 (ICM7260) the maximum input 
frequency must be limited to approximately 1 0OkHz or less 
(with Vdd equal to +5 volts). The reason for this is two-fold: 

a. Since Ripple counters are used, there is a 
propagation delay between each individual ^2 
counter (8 counters for the ICM7240/50 and 7 for 
the ICM7260). Outputs from the individual -^2 
counters are AND'ed together to provide the output 
signal and the RESET/TRIGGER signal. 

b. There must be a delay of the positive going output to 
RESET, (pin 10) and TRIGGER (pin 1 1). The RESET 
signal must therefore be generated first, and from 
this signal another signal is obtained through a delay 
network. The TRIGGER overrides RESET. 

The delay between TRIGGER and RESET is generated 
by the signal RC netwprk consisting of the 56kf2 resistor 
and the 330pF capacitor. 

The delay caused by the counter ripple delays can be as 
long as 2/us (5 volt supply), and the delay between RESET 
and TRIGGER should be at least 2ms. The sum of these two 
delays cannot be greater than one-half of the input Clock 
period for reliable operation. See Figure 7 and 8. 



Vdd 




VoD-i r *^ 



-oVoo 



Si 



PROGRAMMING BY SOLDER CONNECTIONS 
OR THUMBWHEEL SWITCHES 



* FOR POWER UP TRIGGERINGOw^ ISSms) USE CmCUIT SHOWN 
AND OMIT EXTERNAL PULSE. 



Figure 5: Generalized Circuit for Timing Applications (Switch Si open for astable operation, 

closed for monostable operation) 
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PINS 1 & 2 SHORTED t = RC 
B 3 PIN PATTERNS 
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Figure 6: Pulse Patterns Obtained by Shorting Various Counter Outputs 
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Figure 8: Waveforms for Programming the Counter Section 
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APPLICATIONS 

GENERAL CONSIDERATIONS 

Shorting the RC terminal or output terminals to Vqd ^^V 
exceed dissipation ratings and/or maximum, DC current 
limits (especially at high supply voltages). 

There is a limit of 50pF maximum loading on the TB I/O 
terminal if the timebase Is being used to drive the counter 
• section. If higher value loading is used, the counter sections 
may miscount. 

For greatest accuracy, use timing component values 
shown in the graph under Typical Performance Characteris- 
tics. For highest frequency operation it will be desirable to 
use very low values for the capacitor; accuracy will de- 
crease for oscillator frequencies in excess of 200kHz. 

When driving the counter section from an external clock, 
the optimum drive wavefornn is a square wave with an 
. amplitude equal to supply voltage. If the clock is avery slow 
ramp triangular, sine wave, etc., it vyill be necessary to 
"square up" the waveform (rise/fall time < 1jus); this can 
be done by using two CMOS inverters in series, operating 
from the same supply voltage as the ICM 7240/50/60. 

By cascading devices, use of low cost CMOS AND/OR 

gates and appropriate RC delays between stages, numer- 

, ous sequential control variations can be obtained. Typical 

applications include injection molding machine controllers, 

phonograph record production machines, automatic se- 

; quencers (no metal contacts or moving parts), milling 

'' machine con;trollers, process timers, automatic lubrication 

systems, etc. 

By selection of R and C, a wide variety of sequence 
timing can be realized. A typical, flow chart, for a machine 
tool controller could be as follow^: 
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Figure 9 
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CMOS PRECISION PROGRAMMABLE 
0-99 SECONDS/MINUTES LABORATORY 
TIMER 

The ICM7250 is well suited as a laboratory timer to alert 
personnel of the expiration of a preselected interval of time. 

When connected as shown in Figure 10, the timer can 
accurately measure preselected time intervals of 0-99 
seconds or 0-99 minutes. A 5 volt buzzer alerts the 
operator when the preselected time interval is over. 



The circuit operates as follows: 
The time base is first selected with S1 (seconds or 
minutes), then units 0-99 are selected on the two thumb- 
wheel switches S4 and S5. Finally, switch S2 is depressed 
to start the timer. Simultaneously the quartz crystal con- 
trolled divider circuits are reset, the ICM7250 is triggered 
and counting begins. The ICM7250 counts until the pre- 
programmed value is reached, whereupon it is reset, pin 10 
of the CD4082B is enabled and the buzzer is turned on. 
Pressing S3 turns the buzzer off. 



7-101 
Note: Ail typical values have been guaranteed by characterization and are not tested. 



S ICM7240/ICM7250/ICM7260 



o 

ID 

i 

01 



Yddo— V<^ 



VOD 9 RESET 10 



INTERRUPT 
ONE-SHOT 9 V0I) 



"ELAPSED TIME OVER' 

INTERRUPT TO } ^ 004001 B 

MICROPRCkSESSOR 




TRIGGER 11 



3 Vi C04001B 



r- RESET 

STROBE 

f— TRIGGER 
I— RESET 



-J U-. 



V8 



WR FROM MICROPROCESSOR 



-^o-^ 



ICM7240IPE 
CMOS; PROGRAMMABLE BINARY TIMER 



CO4016B 
QUAD SWITCH 



TRIGGER 
RESET 1.^3 



STROBE 2,14 



13 5 6 12 13 5 6 12 



1 MEG 9.1 MEG 

13 



C04016B 
QUAD SWITCH 



C04508B 
8 BIT LATCH 



r-ANSr- 



CD4017B 
DECADE COUNTER 



Vdd 



1 16. Is, 



RESET 

,13 -db 



.001 MSB 



1 



8 BIT MICROPROCESSOR BUS 



Fiigure 11 



LOW POWER MICROPROCESSOR 
PROGRAMMABLE INTERVAL TIMER 

The ICM7240 CMOS programmable binary timer can be 
configured as a low cost microprocessor controlled interval 
timer with the addition of a few inexpensive CD4000 series 
devices. . 

With the devices connected as shown in Figure 11, the 
sequence of operation is as follows: 

The microprocessor sends out an 8 bit binary code on its 
8 bit I/O bus (the binary valu e neede d to program the 
ICM7240), followed by four WRITE pulses into the 
CD4017B decade counter. The first pulse resets the 8 bit 
latch, the second strobes the binary value into the 8 bit 



latch, the third triggers the ICM7240 to begin Its timing cycle 
and the fourth resets the decade counter. 

The ICM7240 then counts the interval of time determined 
by the R-C value on pin 13, and the programmed binary 
count on pins 1 through 8. At the end of the programmed 
time interval, the Interrupt one-shot is triggered, Informing 
the microprocessor that the programmed time interval is 
over. 

With a resistor of approximately 10M12 and capacitor of 
0.1 juF, the time base of the ICM7240 is one second. Thus, a 
time of 1 -255 seconds can be programmed by the micro- 
processor, and by varying R or C, longer or shorter time 
bases can be selected. 
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ICM7241 

Timebase Generator 



GENERAL DESCRIPTION 

The ICM7241 is a fully integrated oscillator, 2 divider and 
output driver which efficiency Converts 4.194304MHz to 
32.768kHz using a minimunn of power. Only three external 
components are necessary for complete oscillator opera- 
tion; a 4.194304MHz crystal, a fixed input capacitor, and an 
output trimmer capacitor. The output has a low enough 
impedance to satisfy most drive requirements. 

ORDERING INFORMATION 



PART NUMBER 


TEMPERATURE 
RANGE 


PACKAGE 


ICM7241IPA 


-20°C to +70''C 


8-Lead 
Plastic 
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FEATURES 

• Single Battery Operation (1.2 -1.8V) 

• Low Power Consumption — Typ. 40mA @ 1.5V 

• Osciiiator Biasing Resistor Included On-Chip 
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Figure 1: Functional Diagram 
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Figure 2: Pin Configuration 
(Outline dwg PA) 
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Figure 3: Typical Connection 
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O ABSOLUTE MAXIMUM RATINGS 

Power [dissipation Output Short Circuit^^^ 3d0mV\/ 

Supply Voltage (Vdd-Yss) :■•• 3V 

Output Voitagel.^l.... Vss-0.3V to Vdd + 0.3V 

Input Voltage^^l.. Vss-0.3V to'VDD + 0.3V 



Storage Temperature -30°C to +125°C 

Operating Temperature -20°C to 70°C 

Lead Temperature (Soldering, 10sec) 300°C 



NOTES: 

1. AH terminals may exceed the supply voltage (2 0V max) by ±0 3 volt provided that the currents in these terminals are limited to 2mA each. 

2. This value of power dissipation refers to that of the package and will not be obtained under normal operating conditions. 

ELECTRICAL CHARACTERISTICS 

(Vss='l-5V, Vss = OV, fosc = 4, 194,304Hz, Ta = SS'C, unless otherwise specified.) 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


Idd 


Supply Current 






40 


70 


mA 


VSUPPLY 


Guaranteed Operating Voltage Range 


-^0°C<to<70°C 


1.2 




18 


V 


RsAt 


P-Ch Output Saturation Resistance 


lOUT = -SmA 




680 


2 


k^ 


RSAT 


N-Ch Output Saturation Resistance 


loUT = -SmA 




240 


1 


kl2 


tSTAB 


Oscillator Stability 


1.2V<Vdd<1-6V 
C|N = CoUT=15pF 




1 




ppm 


tSTART ' 


Oscillator Start-Up Time 


VdD=1-2V 






1.0 


s 



NOTE: Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings only, 
and functional operation of the device at these or any other conditions above those indicated in the operational sections of the 
specifications is not implied. Exposure to absolute maximum rating conditions for extended penods may affect device reliability. 



TYPICAL PERFORMANCE CHARACTERISTICS 
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GENERAL DESCRIPTION 

The ICM7242 is a CMOS timer/counter circuit consisting 
of an RC oscillator followed by an 8-bit binary counter. It will 
replace the 2242 in most applications, with a significant 
reduction in the number of external components. 

Three outputs are provided. They are the oscillator 
output, and buffered outputs from the first and eighth 
counters. 

The ICM7242 is packaged in an 8-pin CERDIP. 

ORDERING INFORMATION 



PART NUMBER 


TEMPERATURE 
RANGE 


PACKAGE 


ICM7242D 


- 


DICE** 


ICM7242IPA 


-25X to +85°C 


8 pin MINI-DIP 


ICM7242IJA 


-25°C to +85°C 


8 pin CERDIP 


ICM7242CBA 


0°C to +70°C 


8 pin S.O.I.C. 



* Parameter Min/Max Limits guaranteed at 25°C only for DICE orders. 



FEATURES 

• Replaces The 2242 in Most Applications 

• Timing From l\/licroseconds to Days 

• Cascadeable 

• IVIonostabie or Astable Operation 

• Wide Supply Voltage Range: 2-16 volts 

• Low Supply Current: 115/uA @ 5 volts 



VddC 1 

+ 2 OUTPUT C 2 

r 128/256 OUTPUT C 3 

VssC 4 



8 D TBI/0 
7 DRC 
6 3 TRIGGER 
5 D RESET 



Figure 1: Pin Configuration 
(Outline Drawing JA, PA) 
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Figure 2: Functional Diagram 
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ICM7242 



Power Dissipationl^J 200mW 

Operating Temperature Range ~25''C to +85°C 

Storage Temperature Range - 65°C to + 1 50°C 

Lead Temperature (Soldering, 10sec) 300°C 



ABSOLUTE MAXIMUM RATINGS 

Supply Voltage (Vdd to Vss) 18V 

Input Voltage ^1 J 

Terminals (Pins 5, 6, 7, 8) (Vss -0.3V) to (Vdd +0.3V) 

Maximum continuous output current 

(each output) 50mA 

NOTES: 1. Due to the SCR structure inherent in the CMOS process, connecting any terminal to voltages greater than Vdd or 'ess than Vss »^ay cause 
destructive device latchup. For this reason, it is recommendec! that no inputs from external sources not operating on the same supply be applied to 
the device before its supply is established and, that in multiple supply systems, the supply to the ICM7242 be turned on first. 

2. Derate at -2mW/°C above 25**C. 

Stresses above those listed under "Absolute Maximum Ratings" may cause permanent device failure. These are stress ratings only and functional operation 
of the devices at these or any other conditions above those indicated in the operation sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended penods may cause device failures. 



ELECTRICAL CHARACTERISTICS 

(Vdd = 5V, Ta = +25°C, R = lOka, C = 0.1 mF, 



Vss = OV unless otherwise specified.) 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


Vdd 


Guaranteed Supply Voltage 




2 




16 


V 


Idd 


Supply Current 


Reset 

Operating, R = tOklQ, C = 0.1 /uF 
Operating, R = IM^ C = 0.1 /uF 
TB Inhibited, RC Connected to Vss 




125 
340 
220 
225 


800 
600 


mA 
mA 
mA 




Timing Accuracy 






5 




% 


Af/AT 


RC Oscillator Frequency 
Temperature Drift 


Independent of RC Components 




250 




ppm/^C 


Vqtb 


Time Base Output Voltage 


ISOURCE = 100/XA 
lsiNK=1-0mA 




3.5 
0.40 




V 
V 


Itblk 


Time Base Output 
Leakage Current 


RC = Ground 






25 


mA 


Vtrig 


Tngger Input Voltage 


Vdd = 5V 

Vdd = 15V 




1.6 
3.5 


2.0 
45 


V 
V 


Vrst 


Reset Input Voltage 


Vdd = 5V 

Vdd = 15V 




1.3 
2.7 


2.0 
4.0 


V 
V 


'trig. 
Irst 


Tngger/Reset Input Current 






10 




mA 


ft 


Max Count Toggle Rate 


VDD-2V 1 

Vdd = 5V - Counter/Divider Mode 

Vdd = 15V J 

50% Duty Cycle Input with Peak to 

Peak Voltages Equal to Vdd and vss 


2 


1 
6 
13 




MHz 
MHz 
MHz 


VSAT 


Output Saturation Voltage 


All Outputs except TB Output 
Vdd = 5V, IouT = 3.2mA 




0.22 


0.4 


V 


ISOURCE 


Output Sourcing 
Current 7242 


Vdd = 5V 

Terminals 2 & 3, VouT=1V 




300 




HA 


Ct 


MIN Timing Capacitor (Note 1) 




10 






PF 


Rt 


Timing Resistor Range (Note 1) 


Vdd = 2-16V 


1K 




22M 


a 



NOTE: 1. For Design only, not 100% tested. 
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TYPICAL PERFORMANCE CHARACTERISTICS 



SUPPLY CURRENT AS A FUNCTION OF SUPPLY 
VOLTAGE 
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i TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 



MINIMUM RESET PULSE WIDTH AS A FUNCTION 
OF RESET AMPLITUDE 
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ICM7242 

OPERATING CONSIDERATIONS 

Shorting the RC terminal or output terminals to Vdd may 
exceed dissipation ratings and/or maximum DC current 
limits (especially at high supply voltages). 

There is a limitation of 50pF maximum loading on the TB 
I/O terminal if the timebase is being used to drive the 
counter section. If higher value loading is used, the counter 
sections may miscount. 

For greatest accuracy, use timing component values 
shown In the graph under typical performance characteris- 
tics. For highest frequency operation it will be desirable to 
use very low values for the capacitor; accuracy will de- 
crease for oscillator frequencies in excess of 200KHz. 

When driving the counter section from an external clock, 
the optimum drive waveform is a square wave with an 
amplitude equal to supply voltage. If the clock Is a very slow 
ramp triangular, sine wave, etc., it will be necessary to 
"square up" the waveform; this can be done by using two 
CMOS inverters in series, operating from the same supply 
voltage as the ICM7242. 

The ICM7242 is a non-programmable timer whose princi- 
pal applications will be very low frequency oscillators and 
long range timers; it makes a much better low frequency 
oscillator/timer than a 555 or ICM7555, because of the on- 
chip 8-bit counter. Also, devices can be cascaded to 
produce extremely low frequency signals. 

Because outputs will not be AND'd, output inverters are 
used instead of open drain N-channel transistors, and the 
external resistors used for the 2242 will not be required for 
the ICM7242. The ICM7242 will, however, plug into a socket 
for the 2242 having these resistors. 

The timing diagram for the ICM7242 Is shpwn in Figure 4. 
Assuming that the device is in the RESET mode, which 
occurs on powerup or after a positive signal on the RESET 
terminal (if TRIGGER is low), a positive edge on the trigger 
input signal will initiate normal operation. The discharge 
transistor turns on, discharging the timing capacitor C, and 
all the flip-flops in the counter chain change states. Thus, 
the outputs on terminals 2 and 3 change from high to low 
states. After 1 28 negative timebase edges, the -^2^ output 
returns to the high state. 

To use the 8-bit counter without the timebase, terminal 7 
(RC) should be connected to ground and the outputs taken 
from terminals 2 and 3. 



JL 



. TRIGGER INPUT 
(TERMINAL 6) 



||l"l|lllllll — ► TIMEBASE OUTPUT 
•'■•••••■•■ (TERMINALS) 

-LrLrLTLrLrLr- 



■ 2 OUTPUT (TERMINAL 2) 

- 128/256 OUTPUT 
(TERMINAL 3) (ASTABLE 
OR "FREE RUN" MODE) 

- 128/256 OUTPUT 
(TERMINAL 3) (MONOSTABLE 
OR "ONE SHOT" MODE) 



Figure 4: Timing Diagrams of Output 

Waveforms for the ICM7242. 

(Compare with Figure 8) 
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— > V4(V + ) 
— < V4(V + ) 



Figure 5: Using the ICi\/l7242 as a Rippie 
Counter (Divider) 
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The ICM7242 may be used for a very low frequency 
square wave reference. For this application the timing 
components are more convenient than those that would be 
required by a 555 timer. For very low frequencies, devices 
may be cascaded (see Figure 6). 
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Figure 6: Low Frequency Reference 
(Osciliator) 



For monostable operation the -^2^ output is connected to 
the RESET terminal. A positive edge on TRIGGER initiates 
the cycle (NOTE: TRIGGER overrides RESET). 

THE ICM7242 is superior in all respects to the 2242 
except for initial accuracy and oscillator stability. This is 
primarily due to the fact that high value p~ resistors have 
been used on the ICM7242 to provide the comparator 
timing points. 
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Figure 7: l\/lonostabie Operation 




7-109 
Note: All typical values have been guaranteed by characterization and are not tested. 



^ ICM7242 

S COMPARING THE ICM7242 WITH THE 
U 2242 



By selection of R and C, a wide variety of sequence 
timing can be realized. A typical flow chart for a machine 
tool controller could be as follows: 







ICM7242 


2242 


a. 


operating Voltage 


2-16V 


4- 15V 


b. 


Operating Temp. 
Range 


-25'C to +85°C 


O^^C to + 70°C 


c. 


Supply Current 








Vdd - 5V 


0.7mA Max. 


7mA Max. 


d. 


Pullup Resistors 








TB Output 


No 


Yes 




-^2 Output 


No 


Yes 




^256 Output 


No 


Yes 


e. 


Toggle Rate 


3.0MHz 


0.5MHz 


f. 


Resistor to Inhibit 








Oscillator 


No 


Yes 


g- 


Resistor in Series 
with Reset for 








Monostable Operation 


No 


Yes 


h. 


Capacitor TB 
Terminal for 








HF Operation 


No 


Sometimes 



• TRIGGERING CAN BE 
OBTAINED FROM A 
PREVIOUS STAGE, A 
LIMIT SWITCH, OPER- 
ATOR SWITCH, ETC. 



AjopU 



START 




WAIT . 
5 SEC 




ENABLE 
10 SEC 






















ENABLE 
5 SEC 




COUNT 
TO 185 




WAIT 
5 SEC 











f 

ENABLE 
10 SEC 



ICM 7242 

TTT 



ICM 7242 
I STOP 



Figure 8 



By cascading devices, use of low cost CMOS AND/OR 
gates and appropriate RC delays between stages, numer- 
ous sequential control variations can be obtained. Typical 
applications include injection molding machine controllers, 
phonograph record production machines, automatic se- 
quencers (no metal contacts or moving parts), milling 
machine controllers, process timers, automatic lubrication 
systems, etc. 



SEQUENCE TIMING 



• Process Control 

• Machine Automation 



• Electro— pneumatic Drivers 

• Multi— operation (Serial or Parallel Controlling) 



VdD Vdd Voo Vqo 

&L &L &L & 





PUSH Si TO START SEQUENCE 

- MUST BE Shorter than "on trm«A" 



'_rL 



• SELECT RC VALUES TO 
DISIRED "ON time" 
- FOR EACH ICM7242 



~L 



imecn* ON timeo — A 



r 



• Process Control 

• Machine Automation 



• Electro-Pneumatic Drivers 

• Multi-Operation (Serial or Parallel Controlling) 



Figure 9: Sequence Timer 
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ICM7245 

Stepper Motor Quartz Clock 



GENERAL DESCRIPTION 

The ICM7245 is a very low current, low voltage microcir- 
cuit for use in analog watches, it consists of an oscillator, 
dividers, logic and drivers necessary to provide either 
bipolar or unipolar stepper motor drive for minimum-compo- 
nent count watches. The oscillator is extremely stable over 
wide ranges of voltage and temperature, and thus combines 
high accuracy with low system power. The ICM7245 is 
fabricated using Intersil's low threshold metal-gate CMOS 
process. 

The inverter oscillator contains all components on-chip 
except for the tuning capacitor and quartz crystal. The 
binary divider consists of 1 5 stages, the last 5 of which may 
be reset. If a reset (stop) occurs during an output pulse, the 
duration of the pulse is net affected. When the reset is 
released, the first output occurs approximately 1 second 
later. For the bipolar version, memory reset logic is included 
to make sure the first pulse after a "stop" occurs on the 
opposite output from the one just before the "stop". 

The bipolar bridge output consists of two large inverters, 
normally high. The output ON resistance of the P and N 
channel devices in series is 200S1 maximum @ 1mA. In 
unipolar operation, the output is made up of a single 
normally high inverter. The ON resistance of the N-channel 
device is 50f2 maximum @ 3mA. 



ORDERING IN 


FORMATION 




PART NUMBER 


TEMPERATURE 
RANGE 


PACKAGE 


ICM7245AIPA 


-25°C to +85X 


8 pin Plastic DIP 


ICM7245BIPA 


-25°C to +85''C 


8 pin Plastic DIP 


ICM7245DIPA 


-25°C to +85°C 


8 pin Plastic DIP 


ICM7245EIPA 


-25X to +85°C 


8 pin Plastic DIP 


iCM7245FIPA 


-25°C to +85''C 


8 pin Plastic DIP 


ICM7245UIPA 


~25''C to +85X 


8 pin Plastic DIP 
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FEATURES 

• Very Low Current Consumption: 0.4mA at 1.55 
Volt Typical 

• 32kHz Oscillator Requires Only Quartz Crystal 
and Trimming Capacitor 

• Bipolar Stepper Drive With Low Output On 
Resistance: 200ohms Maximum (7245 A/B/D/E/F) 

• Unipolar Stepper Drive With Very Low Output 
On Resistance: SOohms Maximum (7245U) 

• Extremely Accurate: Oscillator Stability Typically 
0.1 ppm 

• STOP Function for Easy Time Synchronization 

• Wide Temperature Range: -25''C to +85*'C 

• On Chip Fixed Oscillator Capacitor: 20pF ±20% 



TABLE 1 



DEVICE 
NUMBER 


BIPOLAR/ 
UNIPOLAR 


PULSE 

WIDTH 

(ms) 


PULSE 
FREQUENCY 


OSCILLATOR 
CAPACITOR 


ICM7245A 


B 


9.7 


1Hz 


COUT 


ICM7245B 


B 


7.8 


1Hz 


C|N 


ICM7245D 


B 


7.8 


0.1Hz 

(1 pulse/ 

10 seconds) 


COUT 


ICM7245E 


B 


7.8 


0.0833Hz 

(1 pulse/ 

12 seconds) 


C|N 


ICM7245F 


B 


7.8 


0.05H2 

(1 pulse/ 

20 seconds) 


C(N 


ICM7245U 


U 


3.9 


1Hz 


C|N 




V* q;; 


• 


TJ OSCOUT 


MOTOR 2 fT 
MOTOR 1 [T 


iCM7245 


T] OSCIN 
Tl TEST 


STOP fT 




I]v- 


Figure 1: Pin Cc 


>nfiguration 


CD029311 

(Outline dwg PA) 
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O ABSOLUTE MAXIMUM RATINGS 

Supply Voltage (Vqd-Vss) 3.0V Storage Temperature -60°C to +150X 

Input Voltages Vss-0.3 < V|n < Vqd +0.3 Operating Temperature -25°C to +85°C 

Power Dissipation (Note 1) 25mW Lead Temperature (Soldering, 10sec) 300°C 

NOTE: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent device failure. These are stress ratings only and functional 
operation of the devices at these or any other conditions above those indicated in the operation sections of this specification is not implied. Exposure to 
absolute rriaxinnum rating conditions for extended periods may cause device failures. 
Note 1: This Value of power dissipation refers to that of the package and will not normally be obtained under normal operating conditions. 

ELECTRICAL CHARACTERISTICS (Vdd=1-55V, Vss = OV, fosc = 32,768Hz, circuit in Figure 2, Ta = 25°C, 
unless othenA^ise stated. Numbers are in absolute values.) 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


'dd 


Supply Current 


No Load 




0.4 


0.8 


ma 


VSUPPLY 


Operating Voltage (Vdd-Vss) 


0°C < Ta < 50°C 


1.2 




1.8 


V 


gm 


Oscillator Transconductance 


Start-up (Note 1) 


. 15 






jUS 


Cose 


Oscillator Capacitance 


(Note 1) 


16 


20 


24 


pF 


'stop 


STOP Input Current 








0.3 


juA 


'test 


TEST Input Current 








10 


ma 


%TAB 


Oscillator Stability 


A(Vsupply) = 0.6V 




0.1 




ppm 


IDD 


Supply Current Dunng Stop 


'STOP' Connected to Vpo 






1.0 


mA 


Rq 


Output Saturation Resistance 


Bipolar (N-CH. + P-CH) II = 1mA 






200 


n 


RO-P 


Output Saturation Resistance P-CH 


Unipolar II = 3mA 






200 


CI 


Rq-n 


Output Saturation Resistance N-CH 


Unipolar lL = 3mA 






50 


a 



NOTE 1: 


For 


design reference only, not 100% tested. 




















CRYSTAL 
PARAMETERS 
f = 32768 Hz 
Cl =10pF 
Cm = 2.5 mpF 
Rs =20k^ 

r- 155V 

TC03161I 










7 


I 5-25 pF 

~~\ 32768 Hz 
_J CRYSTAL 

r 






1 

2 

ICM 
7245B 

3 

4 


8 
7 

5 






MOTOR f 






) 






y 


- 




STOP 








Figure 2: 


Typica 


1 Watch 


Circuit 
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ICM7245 



•4 



(ICM7245U) 



MOTOR 1 /MOTOR 2 



IT 



If 



-^V- 



(ICM7245B) 

jy- 



U 



-jy- 



Figure 3: Timing Waveforms 



TYPICAL PERFORMANCE CHARACTERISTICS 



SUPPLY CURRENT AS A FUNCTION 
OF SUPPLY VOLTAGE 



BRIDGE OUTPUT CURRENT AS A 
FUNCTION OF LOAD VOLTAGE 



OSCILLATOR STABILITY AS A 
FUNCTION OF SUPPLY VOLTAGE 







Ta = 


25° C 






Coui 


= 20pF 



































































(T^ 


= 25' C) 




-.^ 


v+ - V- = 


18V 










"n 


s 








_^_V* - V" = 1 55V 


\ 








1 '"^ 
V* - V- = 1 2V 


"^J 


l\ 






^ 






\^ 


\ 








■\ 


\ 


\ 









1 






COUT 


25° C 
= 20pF 











































SUPPLY VOLTAGE (VOLTS) 



BRIDGE LOAD VOLTAGE (VOLTS) 



SUPPLY VOLTAGE (VOLTS) 



APPLICATION NOTES 

OSCILLATOR 

The oscillator of the ICM7245 is designed for low 
frequency operation at very low current from a 1.55 volt 
supply. The oscillator is of the inverter type, using a non- 
linear feedback resistor having maximum resistance under 
start-up conditions. The nominal load capacitance of the 
crystal should be less than 1 2pF, with a preferred range of 
7-1 OpF. In specifying the crystal, the motional capacitance, 
series resistance and tuning tolerance must be compatible 
with the characteristics of the circuit to insure start-up and 
operation over a wide voltage range under worst case 
conditions. 

The following expressions can be used to arrive at a 
crystal specification: 

Tuning Range 

Af ^ Cm C|N Cqut 

f 



2(Co + Cl) C|n + CoUT 

gm required for start-up 



. Co2 
gm = 47r2f2 C|n CquT ^S |1 + — 



where 

Rs = Series Resistance of Crystal 

f = Frequency of the Crystal 

Af = Frequency Shift from Series Resonance Frequency 

Co = Static Capacitance of Crystal 

CjN = Input Capacitance 

CoUT = Output Capacitance 

Cl = Load Capacitance 

Cm = Motional Capacitance of Crystal 

The gm required for start-up calculated should not 
exceed 50% of the gm guaranteed for the device. 
TEST POINT 

The TEST input, when connected to V", causes the 
ICM7245B/U to Speed-up the outputs by 16 times. On long 
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$ ICM7245 ^UIMinil^l 

M 

S period output versions (12,20,60 sec) the speed-up factor 
O will be larger. This allows easy testing of the finished watch 

module. The pulse width is not affected by the speed-up of 

the pulse frequency. 

CUSTOM VERSIONS 
The ICM7245 may be modified with alternative metal 

masks to provide different number of dividers, various pulse 

widths, and different output configurations. 

In addition, MOS capacitors on-chip up to a total of 50 pF 

may be connected to either the input and/or the output of 

the oscillator. Consult your Intersil representative or the 

factory for further information. 
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ICM7249 

sh Digit LCD ju-Power 
Event/l-lour l\/letei;u 




GENERAL DESCRIPTION 

The ICM7249 Timer/Counter is intended for long-term 
battery-supported industrial applications. The ICM7249 typi- 
cally draws 1juA during active timing or counting, due to 
Intersil's special low-power design techniques. This allows 
more than 1 years of continuous operation without battery 
replacement. The chip offers four timing modes, eight 
counting modes and four test modes. 

The ICM7249 is a 48-lead device, powered by a single 
DC voltage source and controlled by a 32.768kHz quartz 
crystal. No other external components are required. Inputs 
to the chip are TTL-compatible and outputs drive standard 
LCD segments. The chip is available in dice and in ceramic 
side-brazed packages. 



FEATURES 




Figure 1: Pin Configuration 



Hour Meter Requires Only 4 Parts Total 

Micropower Operation: < IjkA at 2.8V Typical 

10 Year Operation On One Lithium Cell 

2l^ Year Battery Life With Display Connected 

Directly drives 5^2 Digit LCD 

14 Programmable Modes of Operation 

Times Hrs., 0.1 Hrs., .01 Hrs., .1 MIns. 

Counts 1's, 10's, 100's, 1000's 

Dual Funtion Input Circuit: 

-Selectable Debounce for Counter 

-High-Pass Filter for Timer 

Direct AC Line Triggering With Input Resistor 

Winking "Timer Active" Display Output 

Display Test Feature 



APPLICATIONS 

• AC or DC Hour Meters 

• AC or DC Totalizers 

• Portable Battery Powered Equipment 

• Long Range Service Meters 

ORDERING INFORMATION 



PART NUMBER 


TEMPERATURE 
RANGE 


PACKAGE 


ICM7249IDM 


-40°C to + SS'^C 


48-Pin Ceramic 


ICM7249/D 


25**C 


Die 



bJ— 




OSC 


J 






1' 


"Z^ .J 6SEC 1,1 


L Irl 


Rl- 


1 


1 


) $ 


-*i ■ n 




L^ll 






t 




\ 


H3 









i 


g) 


32 HZ $ 


r ^ 


p 


*- (H 


rn 


V0LTA6E 
KGULATOR 


^ SWITCH 

DEBOUNCE ~ 








LU 


•— +U 


®- 


IB 


— Tcil 








-* 


0— 

+2 


T 


rnimi 


y~ +10 -U 


^>- 


^ 


) i 

•-®— HO ■ 


*-Q— +10 


5 


-r 


n^ 



B 



n n 



00 



H HH 



Figure 2: Functional Diagram 



7-115 
Note: All typical values have been guaranteed by characterization and are not tested 



203500-003 



01 



3DIM!i^DL 



ICM7249 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 6V 

Input Voltage 

Pins 43-48 (Note 1) (Vss -0.3V) to (Vdd +0.3V) 

Power Dissipation (Note 2) 200mW 

Stresses above those listed under Absolute Maximum Ratings rr^ay cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to 
absolute maximum rating conditions for extended penods may affect device reliability. 

ELECTRICAL CHARACTERISTICS Temperature = -40°C to +85°C, Vdd = 2.2V to 5.5V, Vss = OV, unless 
otherwise noted. Typical spedfications measured at temperature = 25°C and Vdd ~ 2.8V unless otherwise noted. 



Operating Temperature Range -40°C to 85°C 

Storage Temperature Range - 65**C to 1 50X 

Lead Temperature (Soldering, 1 0sec) 300°C 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


LIMITS 


UNIT 


MIN 


TYP 


MAX 


Vdd 


Operating Voltage 


Note 3 


2.2 




5.5 


V 


Idd 


Operating Current 


Note 4, All inputs = Vdd or GND 
Vdd = 2.8V 
Vdd = 5.5V 




1 
4.0 


30 
10.0 


mA 

tx/K 


l|N 

iss 
Idt 


Input Current: 

C0-C3, 

S/S 

DT 


All Inputs Vdd or GND 
Note 5 




1.5 


1 

3.0 
90 


MA 
/xA 

mA 


V|L 
V|H 


Input Voltage: 

C0-C3, DT, S/S 




0.7 Vdd 




3 Vdd 


V 
V 


Vol 
Vqh 


Segment Output Voltage 


Iol = 1mA 
Ioh = imA 


Vdd - 
0.8 




0.8 


V 


Vol 
Vqh 


Backplane Output Voltage 


IOL = 10iuA 
IOH = 10iuA 


Vdd - 
0.8 


V 


0.8 


V 


- 


Oscillator Stability: 

Temp. = 25°C, Vdd = 2.2V to 5.5V 
Temp. = -40°C to +85°C, 
Vdd = 2.2V to 5.5V 






0.1 
5 




ppm 
ppm 


Thp 
Tde 
Tde 


S/S Pulse Width: 

High-pass Filter (Modes 0-3) 
Debounce (Modes 4, 6, 8, 10) 
w/o Debounce (Modes 5, 7, 9, 11) 




5 

10,000 

5 




10,000 


MS 
MS 
MS 



NOTES: 1. Due to the SCR structure inherent in junction-isolated CMOS devices, the circuit can be put in a latchup mode <f large currents are 
injected into device inputs or outputs. For this reason special care should be taken in a system with multiple power supplies to 
prevent voltages being applied to inputs or outputs before power is applied If only inputs are affected, latchup also can be 
prevented by limiting the current into the input terminal to less than 1mA. 

2. This limit refers to that of the package and will not occur dunng normal operation. 

3. Internal reset to 00000 requires a maximum Vdd '''se time of 1ms. Longer rise times at power-up may cause improper reset. 

4. Operating current is measured with thei LCD disconnected and input current Iss supplied externally. , 

5.' Inputs C0-C3 are latched internally and draw no DC current after switching. During switching, a 90mA peak current may be drawn 
for 10 nanoseconds. 
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ICM7249 



Table 1. Pin Assignment and Function 



PIN 


NAME 


DESCRIPTION 


1 


Be/Cg 


Half-digit LCD segment output. 


2 


F5 


Seven-segment 
LCD outputs. 


3 


G5 


4 


E5 


5 


D5 


6 


C5 


7 


B5 


8 


As 


9 


F4 


10 


G4 


11 


E4 


12 


D4 


13 


C4 


14 


84 


15 


A4 


16 


F3 


17 


G3 


18 


E3 


19 


Da 


20 


Cs 


21 


Bs 


22 


As 


23 


F2 


24 


G2 


25 


E2 


26 


D2 


27 


C2 


28 


B2 


29 


A2 


30 


Fi 


31 


Gl 


32 


Ei 


33 


Di 


34 


Ci 


35 


Bi 


36 


Ai 



PIN 


NAME 


DESCRIPTION 


37 


W 


Wink-segment output. 


38 


BP 


Backplane for LCD reference. 


39 


V + 


Positive supply voltage. 


40 


OSC| 


Quartz Crystal 
connections 


41 


OSCo 


42 


GND 


Chip GROUND. 


43 


Co 


Mode-select 
control inputs. 


44 


Ci 


45 


C2 


46 


Cs 


47 


s/s 


Start / Stop 


48 


DT 


Display Test 



10 
<0 
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Table 2. Mode Select Table 


Mode 


Control Pin Inputs 


Function 


C3 


C2 


Ci 


Co 

















1 hour interval timer 


1 













0.1 hour interval timer 


2 








1 





0.01 hour interval timer 


3 








1 




0.1 minute interval timer 


4 





1 








1's counter with debounce 


5 





1 







1's counter 


6 





1 


1 





10's counter with debounce 


7 





1 


1 




10's counter 


8 













100's counter with debounce 


9 












100's counter 


10 







.1 





1000's counter with debounce 


11 







1 




1000's counter 


12 




1 








Test display digits 


13 




1 







Internal test 


14 




1 


1 





Internal test 


15 




1 


1 




Reset 



DETAILED DESCRIPTION 

After power is applied, the ICM7249 requires a rise time 
of tR to become active and for oscillation to begin, as seen 
in Figure 3. Initially the backplane output BP is a logic '1' 
level, but then changes after every 512 crystal oscillation 
cycles, giving BP a square-wave frequency of 32Hz. Seg- 
ments are turned off when the voltage levels of the 
segment drive pins are the same as and in phase with BP. 
Segments are turned on by having the drive pin voltages out 
of phase with BP. 

The 16 modes are selected by placing the binary 
equivalent of the mode number on inputs C0-C3 (Table 2). 
In the four timer modes, timing is controlled by the Start/ 
Stop input S/S. Because of internal high-pass filtering, 
timing is active when either S/S is held high for more than 
25ms, or the input signal has a frequency of at least 50Hz 
and less than 120kHz as shown in Figure 4. Driving S/S 



with an input frequency between 40Hz and 50Hz has an 
indeterminate effect on the timing. 

The timing intervals are different for each mode. For 
example, in Mode the display is Incremented every hour, 
while in Mode 3 the display is incremented every tenth of a 
minute. 

While timing is active, the wink-segment output W will 
flash, as seen in Figure 1 . On the upward transistion of S/S, 
the wink output turns off. It remains off for 16 backplane 
cycles and turns back on for another 1 6 cycles. If timing is 
still active, the wink segment repeats this process, giving it 
a flash rate of 1 Hz: otherwise the wink output remains on 
until timing begins again. In counting modes 4-1 1 , the count 
is registered and latched on each positive transition of S/S. 
The display is keyed to the specific counting mode. In the 
1's counter mode, the display Is incremented for each 
count; in the 10's counter mode, the display is incremented 
after every count. 
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"" :2 
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fSEG = 32 Hz 



Figure 3: Power On/Reset Waveforms 
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s/s 
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-Thp 
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Figure 4: Start/Stop Input High-Pass Filtering in Timing IVIodes 
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OFF 
SEGMENTS 



Figure 5: Wink Waveforms in Timing l\1odes 




Figure 6: Wink Waveforms in Counting IVIodes 



During counting, the display will wink off at each count 
input regardless of whether the display is incremented. 
When a count occurs, the wink segment output turns off at 
the end of the 1 6th BP pycle and turns back on at the end of 
the 32nd BP cycle, creating a half-second wink, as shown In 
Figure 6. If counting occurs more frequently than once a 
second, the wink output will default to a constant 1 Hz flash 
rate. 



In counter modes 4, 6, 8 and 10, the count pulse is 
subject to debounce filtering. Figure 7 shows that only 
pulses with a frequency of less than 40Hz are valid. Pulses 
with a frequency between 50Hz and 120kHz are Ignored, 
while those with a frequency between 40Hz and 50Hz have 
an indeterminate effect on the count. 
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Figure 7: Start/Stop Input Debounce Filtering in Counting l\/locles 
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Figure 8: Display Testing 



The display may be tested at any time without disturbing 
operation by pulsing DT high, as seen in Figure 8. On the 
next positive transition of BP, all the segments turn on and 
remain on until the end of the 1 6th BP cycle. This takes a 
half-second or less. All the segments then turn off for an 
additional 48 BP cycles (the end of the 64th cycle), after 
which valid data returns to the display. As long as DT is held 
high, the segments will remain on. 

Additional display testing is provided by using mode 1 2. 
In this mode each displayed decade is Incremented on each 
positive transition of S/S. Modes 13 and 14 are for 
manufacturer testing only. 

Mode 1 5 resets all the decades and internal counters to 
zero, essentially bringing everything back to power-up 
status. 

APPLICATION NOTES 

A typical use of the ICM7249 Is seen in Figure 9, the 
Motor Hour Meter. In this application the ICM7249 is 
configured as an hours-in-use meter and shows how many 
whole hours of line voltage have been applied. The 20MQ 
resistor and high-pass filtering allow AC line activation of 
the S/S input. This configuration, which is powered by a 3V 



lithium ceil, will operate continuously for 2V2 years. Without 
the display, which only needs to be connected when a 
reading is required, the span of operation is extended to 10 
years. 

When the ICM7249 is configured as an attendance 
counter, as shown in Figure 10, the display shows each 
increment. By using mode 2, external debouncing of the 
gate switch is unnecessary, provided the switch bounce is 
less than 35ms. 

The 3V lithium battery can be replaced without disturbing 
operation if a suitable capacitor is connected in parallel with 
it. The display should be disconnected, if possible, during 
the procedure to minimize current drain. The capacitor 
should be large enough to store charge for the amount of 
time needed to physically replace the battery (At = AVC/ 
I). A lOjLtF capacitor initially charged to 3V will supply a 
current of 1 .0/uA for 8 seconds before its voltage drops to 
2.2V, which is the minimum operating voltage for the 
ICM7249. 

Before the battery is removed, the capacitor should be 
placed in parallel, across the Vdd and GND terminals. After 
the battery is replaced, the capacitor can be removed and 
the display reconnected. 
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Figure 9: Motor Hour Meter 
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Figure 10: Attendance Counter 
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ICM7555/ICM7556 

General Purpose Timer 

GENERAL DESCRIPTION 

The ICM7555/6 are CMOS RC timers providing signifi- 
cantly improved performance over the standard 
SE/NE555/6 and 355 timers, while at the same time being 
direct replacements for those devices in most applications. 
Improved parameters include low supply current, wide 
opera ting supply v oltage range, low THRESHOLD, TRIG- 
GER and RESET currents, no crowbarring of the supply 
current during output transitions, higher frequency perfor- 
mance and no requirement to decouple CONTROL VOLT- 
AGE for stable operation. 

Specifically, the ICM7555/6 are stable controllers capa- 
ble of producing accurate time delays or frequencies. The 
ICM7556 is a dual ICM7555, with the two timers operating 
independently of each other, sharing only V"^ and GND. In 
the one shot mode, the pulse width of each circuit is 
precisely controlled by one external resistor and capacitor. 
For astable operation as an oscillator, the free running 
frequency and the duty cycle are both accurately controlled 
by two external resistors and one capacitor. Unlike the 
regular bipolar 555/6 devices, the CONTROL VOLTAGE 
terminal need not be decoupled with a capacitor. The 
circuits are triggered and reset on falling (negative) wave- 
forms, and the output inverter can source or sink currents 
large enough to drive TTL loads, or provide minimal offsets 
to drive CMOS loads. 

ORDERINq INFORMATION 



PART 
NUMBER 


TEMPERATURE 
RANGE J 


PACKAGE 


ICM7555CBA 


0°C to +70°C 


8 Lead S.O.I.C. 


ICM7555IPA 


-25°C to +85''C 


8 Lead MiniDip 


ICM7555ITV 


-25°C to +85°C 


TO-99 Can 


ICM7555MTV* 


-55°C to +125°C 


TO-99 Can 


ICM7556IPD 


-25°C to +85°C 


14 Lead Plastic DIP 


ICM7556MJD* 


-55°C to +125°C 


14 Lead CERDIP 


ICM7555/D 





DICE** 


ICM7556/D 


-• 


DICE** 



*Add /883B to part number if 883B processing is desired 

** Parameter Mm/Max Limits guaranteed at 25°C only for DICE orders 




FEATURES 

• Exact Equivalent in Most Cases for SE/NE555/ 
556 or TLC555/556 

• Low Suppiy Current — 60mA Typ. (ICM7555) 
120mA Typ. (ICM7556) 

• Extremely Low Trigger, Threshold and Reset 
Currents — 20pA Typical 

• High Speed Operation — 1 MHz Typical 

• Wide Operation Supply Voltage Range 
Guaranteed 2 to 18 Volts 

• Normal Reset Function -No Crowbarring of 
Supply During Output Transition 

• Can Be Used With Higher Impedance timing 
Elements Than Regular 555/6 for Longer RC 
Time Constants 

• Timing From Microseconds Through Hours 

• Operates in Both Astable and Monostable Modes 
« Adjustable Duty Cycle 

® High Output Source/Sink Driver Can Drive TTL/ 
CMOS 

• Typical Temperature Stability of 0.005% Per °C 
at 25^ 

• Outputs Have Very Low Offsets, HI and LO 

APPLICATIONS 

• Precision Timing 

• Pulse Generation 

• Sequential Timing 

• Time Delay Generation 

• Pulse Width Modulation 

• Pulse Position Modulation 

• Missing Pulse Detector 
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4 fLIP-FL OP 
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CONTROL 
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This Functional Diagram reduces the circuitry down to its simplest equivalent components. Tie down unused inputs. R = lOOkH, ±20% typ. 

Figure 1: Functional Diagram 




7-123 
Note. All typical values have been guaranteed by characterization and are not tested. 



<0 
10 
10 



10 
10 
10 
N 



ICM7555/ICM7556 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltag e + 18 Volts 

Input Voltage: Trigger, 

Contro l Voltage, Threshold, < V"^ + 0.3V to > V" -0.3V 

Reset 

Output Current 100mA 

Power Dissipation^^] icm7556 . . : 300mW 

ICM7555 200mW 

Storage Temperature ..-65X to +150°C 

Lead Temperature (Soldering, 1 0sec) ..:....+ 300°C 

NOTE: Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied 
Exposure to absolute maximum rating conditions for extended penods may affect device reliability. 



Operating Temperature Range^^^ 

ICM7555IPA -25°C to +85°C 

ICM7555ITV -25°C to +85°C 

ICM7556IPD -25°C to +85'^C 

ICM7555MTV -55°C to +125°C 

ICM7556MJD -55°C to +125X 
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Figure 2: Pin Configuration 
(Top View) 
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ELECTRICAL CHARACTERISTICS ICM7555 Ta = 25°C. unless otherwise specrfied. 








SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


1 + 


Static Supply Current 


Ta=-55°C to 125°C 
Vdd = 5V 

Vdd = 15V 




40 
60 


200 
300 


ma 

^A 




Monostable Timing Accuracy 


RA=10k, C = 0.1/iF 
Vdd = 5V 




2 




% 




Dnft with Temp* 


Ta=-55 to 125°C 
Vdd = 5V 

Vdd = 10V 
Vdd = 15V 




150 
200 
250 




ppp 




Drift With Supply* 


Vdd = 5 to 15V 




0.5 





%/V 




Astable Timing Accuracy 


RA = RB = 10k, C = 0.1/LiF, Vdd == 5V 




2 




% 




Drift with Temp* 


Ta=-55X to 125°C 
Vdd = 5V 

Vdd = 10V 
Vdd = 15V 




150 
200 
250 




ppm/°C 
ppm/°C 
ppm/°C 




Drift With Supply* 


Vdd = 5 to 15V 




0.5 




%/V 


Vth 


Threshold Voltage 


Vdd = 15V 




67 




% Vdd 


Vtrig 


Trigger Voltage 


Vdd = 15V 




32 




% Vdd 


'trig 


Tngger Current 


Vdd = 15V 






10 


nA 


Ith 


Threshold Current 


Vdd = 15V 






10 


nA 


Vcv 


Control Voltage 


Vdd = 15V 




67 




% Vdd 


Vrst 


Reset Voltage 


Vdd = 2 to 15V 


0.4 




1.0 


V 


Jrst 


Reset Current 


Vdd = 15V 






10 


nA 


'dis 


Discharge Leakage 


Vdd = 15V 






10 


nA 


Vol 


Output Voltage Drop 


Vdd = 15V 

Ismk = 20mA 
Vdd = 5V 
Ismk = 3.2mA 




0.4 
0.2 


1.0 
0.4 


V 
V 


VOH 


Output Voltage Drop 


Vdd = 15V 
'source = 0.8mA 
Vdd = 5V 
'source = 0.8mA 


14.3 
4.0 


14.6 
4.3 




V 
V 


Vdis 


Discharge Output Voltage Drop 


Vdd = 5 to 15V 
Isink = 15mA 




0.2 


0.4 


V 


v^ 


Supply Voltage* 


Functional Oper. 


2.0 




18.0 


V 


tR 


Output Rise Time* 


RL = 10M, CL=10pF, 
Vdd = 5V 




75 




ns 


tF 


Output Fall Time* 


RL=10M, CL=10pF, 
Vdd = 5V 




75 




ns 


fMAX 


Oscillator Frequency* 


Vdd = 5V RA = 470ohm, RB = 270ohm C = 200pF 




1 




MHz 



•4 
Pl 
PI 
01 



01 
01 




This parameter not tested The majority of all parts meet this specification. 
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ELECTRICAL CHARACTERISTICS ICM7556 Ta = 25?C, unless otherwise specified. 








SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


1+ 


Static Supply Current 


T= -55°C to 125°C 
Vdd = 5V 
Vdd = 15V 




80 
120 


400 
600 


mA 




Monostable Timing Accuracy 


RA = 10k, C = 0.1iuF 
Vdd = 5V 




2 




% 




Dnft witii Temp* 


T= -55 to 125°C 
Vdd = 5V 

Vdd = 10V 
Vdd = 15V 




150 
200 
250 




ppp 




Dnft witli Supply* 


Vdd = 5 to 15V 




0.5 




%/v 




Astable Timing, Accuracy 


RA = RB = 10k, C = O.ImF, Vdd = 5V 




2 




% 




Dnft with Temp* 


T= -55°C to 125°C 

Vdd = 5V 
Vdd = 10V 
Vdd = 15V 




150 
200 
250 




000 




Drift with Supply* 


Vdd = 5 to 15V 




0:5 




% V 


Vth 


Threshold Voltage 


Vdd = 15V 




67 




% Vdd 


Vtrig 


Trigger Voltage 


Vdd = 15V 




32 




% Vdd 


'trig 


Trigger Current 


Vdd = 15V 






10 


nA 


'th 


Threshold Current 


Vdd = 15V 






10 


nA 


Vcv 


Control Voltage 


Vdd = 15V 




67 




% Vdd 


Vrst 


Reset Voltage 


Vdd = 2 to 15V 


0.4 




1.0 


V 


'rst 


Reset Current 


Vdd = 15V 






10 


nA 


IDIS . 


Discharge Leakage 


Vdd = 15V 






10 


nA 


Vol 


Output Voltage Drop 


Vdd = 15V 

Ismk = 20mA 
Vdd = 5V 
Ismk = 3.2mA 




0.4 
0.2 


1.0 
04 


V 
V 


VOH 


Output Voltage Drop 


Vdd = 15V 
'source = 0.8mA 
Vdd = 5V 
'source = 0.8mA 


14.3 
4.0 


14.6 
4.3 




V 
V 


Vdis 


Discharge Output Voltage Drop 


Vdd = 5 to 15V 
Ismk = 15mA 




0.2 


0.4 


V 


v + 


Supply Voltage* 


Functional Oper. 


2.0 




18.0 


V 


tR 


Output Rise Time* 


RL=10M, dL=10pF, 
Vdd = 5V 




75 




ns 


tF 


Output Fall Time* 


RL=10M, CL = 10pF, 

Vdd = 5V 




75 




ns 


^MAX 


Oscillator Frequency* 


Vdd ^ 5V RA = 470ohm, RB - 270ohm C = 200pF 




1 




MHz , 



" This parameter not tested. The majority of all parts 



meet this specification. 



TYPICAL PERFORMANCE CHARACTERISTICS 



MINIMUM PULSE WIDTH REQUIRED 
FOR TRIGGERING 



SUPPLY CURRENT AS A FUNCTION 
OF SUPPLY VOLTAGE 
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OUTPUT SOURCE CURRENT AS A 
FUNCTION OF OUTPUT VOLTAGE 
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ICM7555/ICM7556 

TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 



OUTPUT SINK CURRENT AS A 
FUNCTION OF OUTPUT VOLTAGE 
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OUTPUT SINK CURRENT AS A 
FUNCTION OF OUTPUT VOLTAGE 
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OUTPUT SINK CURRENT AS A 
FUNCTION OF OUTPUT VOLTAGE 
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FREE RUNNING FREQUENCY AS A 
FUNCTION OF Ra, Rb and C 
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PROPAGATION DELAY AS A 

FUNCTION OF VOLTAGE LEVEL OF 

TRIGGER PULSE 
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APPLICATION NOTES 

GENERAL 

The ICM7555/6 devices are, in rtiost instances, direct 
replacements for tiie NE/SE 555/6 devices. However, it is 
possible to effect economies in the external component 
count using the ICM7555/6. Because the bipolar 555/6 
devices produce large crowbar currents in the output driver, 
it is necessary to decouple the power supply lines with a 
good capacitor close to the device. The 7555/6 devices - 
produce no such transients. See Figure 3. 
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The ICM7555/6 produces supply current spikes of only 
2-3mA instead of 300-400mA and supply decoupling is 
normally not necessary. Secondly, in most instances, the 
CONTROL VOLTAGE decoupling capacitors are not re- 
quired since the input impedance of the CMOS comparators 
on chip are very high. Thus, for many applications 2 
capacitors can be saved using an ICM7555, and 3 capaci- 
tors with an ICM7556. 
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Figure 4: Astable Operation 



POWER SUPPLY CONSIDERATIONS 

Although the supply current consumed by the ICM7555/6 
devices is very low, the total system supply can be high 
unless the timing components are high impedance. There- 



fore, use high values for R and low values for C in Figures 4 

and 5. 

OUTPUT DRIVE CAPABILITY 

The output driver consists of a CMOS inverter capable of 
driving most logic families including CMOS and TTL. As 
such, if driving CMOS, the output swing at all supply 
voltages will equal the supply voltage. At a supply voltage of 
4.5 volts or more the ICM7555/6 will drive at least 2 
standard TTL loads. 
ASTABLE OPERATION 

The circuit can be connected to trigger itself and free run 
as a multivibrator, see Figure 4. The output swings from rail 
to, rail, and is a true 50% duty cycle square wave. (Trip 
points and output swings are symmetrical). Less than a 1 % 
frequency variation is observed, over a voltage range of + 5 
to +15V. 

1 

f = 

1.4 RC 



MONOSTABLE OPERATION 

In this mode of operation, the timer functions as a one- 
shot. Initially the external capacitor (C) is held discharged by 
a transisto r inside the timer. Upon application of a negative 
TRIGGER pulse to pin 2, the internal flip flop is set which 
releases the short circuit across the external capacitor and 
drives the OUTPUT high. The voltage across the capacitor 
now increases exponentially with a time constant t = RaC. 
When the voltage across the capacitor equals 2/3 V"^ , the 
comparator resets the flip flop, which In turn discharges the 
capaci tor rapidly and also drives the OUTPUT to its low 
state. TRIGGER must return to a high state before the 
OUTPUT can return to a low state. 




OPTIONAL -L. 
CAPACITOR f -T* 



Figure 5: l\/lonostable Operation 



CONTROL VOLTAGE 

The CONTROL VOLTAGE terminal permits the two trip 
voltages for the THRESHOLD and TRIGGER internal 
comparators to be controlled. This provides the possibility 
of oscillation frequency modulation in the astable mode or 
even inhibition of oscillation, depending on the applied 
voltage. In the monostable mode, delay times can be 
changed by varying the applied voltage to the CONTROL 
VOLTA GE pin. 
RESET 



The RESET terminal is designed to have essentially the 
same trip voltage as the standard bipolar 555/6, i.e. 0.6 to 
0.7 volts. At all supply voltages it represents an extremely 
high input impedance. The mode of operation of the RESET 
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ICM7555/ICM7556 



function is, however, much improved over the standard 
bipolar 555/6 in that it controls only the internal flip flop, 
which in turn controls simultaneously the state of the 
OUTPUT and DISCHARGE pins. This avoids the multiple 
threshold problems sometimes encountered with slow fall- 
ing edges in the bipolar devices. 



01 
01 
01 



01 
01 
0) 



CONTROL 
VOLTAGE 




K\ih 






6 RESET 6 DISCHARGE 



e 



Figure 6: Equivalent Circuit 



TRUTH TABLE 



THRESHOLD 
VOLTAGE 


TRIGGER 
VOLTAGE 




OUTPUT 


DISCHARGE 
SWITCH 


RESET 


DON'T CARE 


DON'T CARE 


LOW 


LOW 


ON 


>2/3(V^) 


>1/3(V^) 


HIGH 


LOW 


ON 


Vth < 2/3 


Vtr>1/3 


HIGH 


STABLE 


STABLE 


DON'T CARE 


<1/3(V^) 


HIGH 


HIGH 


OFF 



NOTE: RESET will dominate all other inputs: TRIGGER will dominate over THRESHOLD. 
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Section 8 — Display Drivers 




ICM7211/12 

4-Digit LCD/LED 
Display Driver 

GENERAL DESCRIPTION 

The ICM7211 (LCD) and ICM7212 (LED) devices consti- 
tute a family of non-multiplexed four-digit seven-segment 
CMOS display decoder-drivers. 

The ICM721 1 devices are configured to drive convention- 
al LCD displays by providing a complete RC oscillator, 
divider chain, backplane driver, and 28 segment outputs. 

The ICM7212 devices are configured to drive common- 
anode LED displays, providing 28 current-controlled, low 
leakage, open-drain n-channel outputs. These devices 
provide a BRighTness input, which may be used at normal 
logic levels as a display enable, or with a potentiometer as a 
continuous display brightness control. 

Both the LCD and LED devices are available with 
multiplexed or microprocessor input configurations. The 
multiplexed versions provide four data inputs and four Digit 
Select inputs. This configuration is suitable for interfacing 
with multiplexed BCD or binary output devices, such as the 
ICM7217, ICM7226 and ICL7135. The microprocessor ver- 
sions provide data input latches and Digit Address latches 
under control of high-speed Chip Select inputs. These 
devices simplify the task of implementing a cost-effective 
alphanumeric seven-segment display for microprocessor 
systems, without requiring extensive ROM or CPU time for 
decoding and display updating. 

The standard devices will provide two different decoder 
configurations. The basic device will decode the four bit 
binary inputs into a seven-segment alphanumeric hexadeci- 
mal output. The "A" versions will provide the "Code B" 
output code, i.e., 0-9, dash, E, H, L, P, blank. Either device 
will correctly decode true BCD to seven-segment decimal 
outputs. 

Devices in the ICM7211/7212 family are packaged in a 
standard 40 pin plastic dual-in-line package and all inputs 
are fully protected against static discharge. 

ORDERING INFORMATION 




PART NUMBER 


TEMPERATURE 
RANGE 


PACKAGE 


ICM7211/D 


— 


DICE 


ICM7211M/D 


— 


DICE 


ICM7211AIJL 


-40°C to +85*'C 


40 Pin CERDIP 


ICM7211AMIJL 


-40°C to +85''C 


40 Pin CERDIP 


ICM7211IJL 


-40°C to +85°C 


40 Pin CERDIP 


iCM7211IPL 


-40°C to +85°C 


40 Pin PLASTIC 


ICM7211AIPL 


-40°C to +85°C 


40 Pin PLASTIC 


ICM7211AMIPL 


-40°C to +85''C 


40 Pin PLASTIC 


ICM7211MIPL 


-40''C to +85"C 


40 Pin PLASTIC 


ICM7211MIJL 


-40°C to +85°C 


40 Pin CERDIP 


ICM7211AEV/KIT 


_ 


EVALUATION KIT 


ICM7212/D 


— 


DICE 



10 



10 



ICM7211 (LCD) FEATURES 

• Four Digit Non-Multiplexed 7 Segment LCD 
Display Outputs With Backplane Driver 

• Complete Onboard RC Oscillator to Generate 
Backplane Frequency 

• Backplane Input/Output Allows Simple 
Synchronization of Slave-Devices to a Master 

• ICM7211 Devices Provide Separate Digit Select 
Inputs to Accept Multiplexed BCD Input (Pinout 
and Functionally Compatible With Siliconix 
DF411) 

• ICM7211M Devices Provide Data and Digit 
Address Latches Controlled by Chip Select 
Inputs to Provide a Direct High Speed Processor 
Interface 

• ICM7211 Decodes Binary Hexadecimal; ICM7211A 
Decodes Binary to Code B (0-9, Dash, E, H, L, 
P, Blank) 

ICM7212 (LED) FEATURES 

• 28 Current-Limited Segment Outputs Provide 4- 
Digit Non-Multiplexed Direct LED Drive at > 5mA 
Per Segment 

• Brightness Input Allows Direct Control of LED 
Segment Current With a Single Potentiometer or 
Digitally as a Display Enable 

• iCM7212M and ICM7212A Devices Provide Same 
Input Configuration and Output Decoding 
Options as the ICM7211 



PART NUMBER 


TEMPERATURE 
RANGE 


PACKAGE 


ICM7212A/D 


— 


DICE 


ICM7212AIJL 


-40°C to +85°C 


40 Pin CERDIP 


ICM7212AIPL 


-40°C to +85°C 


40 Pin PLASTIC 


ICM7212AM/D 


— 


DICE 


ICM7212AMIJL 


-40°C to +85'C 


40 Pin CERDIP 


ICM7212IJL 


-AO'^C to +85''C 


40 Pin CERDIP 


ICM7212IPL 


-40*C to +85°C 


40 Pin PLASTIC 


ICM7212MIJL 


-40°C to +85"C 


40 Pin CERDIP 


ICM7212MIPL 


-40°C to +85^C 


40 Pin PLASTIC 


ICM7212AMIPL 


-40°C to +85"'C 


40 Pin PLASTIC 


ICM7212AEV/KIT 


- 


EVALUATION KIT 
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Figure 1: Functional Diagrams 
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Figure 1: Functional Diagrams (Cont) 
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M ABSOLUTE MAXIMUM RATINGS 

Q Power Dissipation (Note 1) 0.5W@70°C 

■* Supply Voltage (VpD-Vss) 6.5V 

Input Voltage (Any Terminal) (Note 2) 

Vss -0.3V to VDD + 0.3V 



Operating Temperature Range -40°C to +85'*C 

Storage Temperature Range - 55°C to + 1 25°C 

Lead Temperature (Soldering, 10sec) 300°C 



NOTE 1: This limit refers to that of the package and will not be realized during normal operation. 

NOTE 2: Due to the SCR structure inherent in the CMOS process, connecting any terminal to voltages greater than Vqd or less than Vss rn^V cause 
destructive device latchup. For this reason, it is recommended that no inputs from external sources not operating on the same power supply be 
applied to the device before its supply is established, and that in multiple supply systems, the supply to the ICM7211/ICM7212 be turned on first. 

Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional 

operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to 

absolute maximum rating conditions for extended periods may affect device reliability. 



7211 
7211 A 



VooC 






721 1M 
7211AM 



1 CfM»S«Mci i 



^ } OMa Ir 



«] C« 



7212 
7212A 



3 Vss 
5v^i 



3 •> I DAM 

n •! / inptiit 



2l)»« 




ClMpS»Hct2 
CItip S«laci 1 
Digit AddMM Bit 2 
OigitA 



Figure 2: Pin Configurations (Outline Drawing PL) 



ELECTRICAL CHARACTERISTICS 

ICM7211 CHARACTERISTICS (LCD) Vdd = 5V ±10%, Ta = 25°C. Vss = OV unless othenA/ise specified. 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


VSUPPLY 


Operating Supply Voltage Range 
(Vdd-Vss) 




3 


5 


6 


V 


•dd 


Operating Current 


Test circuit, Display blank 




10 


50 


mA 


Iqsci 


Oscillator Input Current 


Pin 36 




±2 


±10 


tR.tF 


Segnrient. Rise/Fall Time 


Cl = 200pF 




0.5 




MS 


tR.tp 


Backplane Rise/Fall Time 


Cl = SOOOpF 




1.5 




bsc 


Oscillator Frequency 


Pin 36 Floating 




19 




kHz 


fBP 


Backplane Frequency 


Pin 36 Floating 




150 




Hz 


ICM7212 CHARACTERISTICS (COMMON ANODE LED) 


SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


VsUPPLY 


Operating Supply Voltage Range 
(Vdd-Vss) 




4 


5 


6 


V 


'STBY 


Operating Current 
Display Off 


Pin 5 (Bnghtness), 
Pins 27-34 — Vss 




10 


50 


>mA 


Idd 


Operating Current 


Pin 5 at Vdd. Display all 8's 




200 




mA 


ISLK 


Segment Leakage Current 


Segment Off 




±0.01 


±1 


mA 


•SEG 


Segment On Current 


Segment On, Vq = + 3V 


5 


8 




mA 
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INPUT CHARACTERISTICS (ICM7211 AND ICM7212) 


■ ' 


' 






SYMBOL 


PARAMETER 


TEST CONDITIQNS 


MIN 


TYP 


MAX 


UNIT 


V|H 


Logical "1" input voltage 




4 






V 


V|L 


Logical "0" input voltage 








1 


l|LK 


Input leakage current 


Pins 27-34 




±.01 


±1 


ma 


CiN 


Input capacitance 


Pins 27-34 




5 




PF 


Ibplk 


BP/Bnghtness input leakage 


Measured at Pin 5 with Pin 36 at Vss 




±.01 


' ±1 


mA 


Cbpi 


BP/Brightness input capacitance 


All Devices 




200 




pF 


AC CHARACTERISTICS — MULTIPLEXED INPUT CONFIGURATION | 


tWH 


Digit Select Active Pulse Width 


Refer to Timing Diagrams 


1 ' , 






US 


tDS 


Data Setup Time 




50Q 






hs 


tDH 


Data Hold Time 




20Q 






tlDS 


Inter-Digit Select Time 




2 






us 


AC CHARACTERISTICS — MICROPROCESSOR INTERFACE | 


tWL 


Chip Select. Active Pulse Width 


other Chip Select either held active, or 
both driven together 


200 






ns 


tDS 


Data Setup Time 




100 




' 


tDH 


Data Hold Time 




10 







tics 


Inter-Chip Select Time 




2 






us 



f0 
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tt - 
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\h 

Figure 3: Test Circuits 
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TYPICAL PERFORMANCE CHARACTERISTICS 



ICM7211 OPERATING SUPPLY 
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ICM7212 LED SEGMENT CURRENT 
AS A FUNCTION OF 
OUTPUT VOLTAGE 
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iCM7212 LED SEGMENT CURRENT AS A 
FUNCTION OF BRIGHTNESS CONTROL VOLTAGE 



ICM7212 OPERATING POWER (LED DISPLAY) AS A 
FUNCTION OF SUPPLY VOLTAGE 
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INPUT DEFINITIONS 

In this table, Vqd and Vss are considered to be normal operating input logic levels. Actual input low and high levels are 
specified under Operating Characteristics. For lowest power consumption, input signals should swing over the full supply. 



INPUT 


TERMINAL 


TEST CONDITIONS 


FUNCTION 


BO 


27 


Vdd = Logical One 
Vss = Logical Zero 


Ones (Least Significant) 


Data Input Bits 


B1 


28 


Vdd = Logical One 
Vss * Logical Zero 


Twos 


82 


29 


Vdd = Logical One 
Vss = Logical Zero 


Fours 


83 


30 


Vdd = Logical One 
Vss = Logical Zero 


Eights (Most significant) 


OSC 

(LCD Devices Only) 


36 


Floating or with ex- 
ternal capacitor to Vdd 
Vss 


Oscillator input 

Disables 8P output devices, allowing segments to be 
synchronized to an external signal input at the BP terminal (Pin 5) 
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ICM7211/12 

ICM7211/ICM7212 MULTIPLEXED-BINARY INPUT CONFIGURATION 



INPUT 


TERMINAL 


TEST CONDITIONS 


FUNCTION 


D1 


31 


Vdd = Active 
Vss = Inactive 


D1 Digit Select (Least significant) 


D2 


32 


D2 Digit Select 


D3 


33 


D3 Digit Select 


D4 


34 


D4 Digit Select (Most significant) 



ICM7211M/ICM7212M MICROPROCESSOR INTERFACE INPUT CONFIGURATION 



INPUT 


DESCRIPTION 


TERMINAL 


TEST CONDITIONS 


FUNCTION 


DA1 


Digit Address 
Bit 1 (LSB) 


31 


Vdd = Logical One 
Vss = Logical Zero 


DAI & DA2 serve as a two bit Digit Address Input 
DA2, DAI = 00 selects D4 
DA2, DAI = 01 selects D3 
DA2, DAI =10 selects D2 
DA2, DAI =11 selects D1 


DA2 


Digit Address 
Bit 2 (MSB) 


32 


C5T 


Chip Select 1 


33 


Vdd = Inactive 
Vss = Active 


When both CST and CS2 are taken low, the data at the Data 
and Digit Select code inputs are written into the input latches. 


CS2 


Chip Select 2 


34 


On the rising edge of either Chip Select, the data is decoded 
and wntten into the output latches. 



DIGIT SCLECT 



A 



% /- 



Figure 4: Multiplexed Input Timing Diagram 
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Figure 5: Microprocessor Interface Input 
Timing Diagram 



DESCRIPTION OF OPERATION 
LCD DEVICES 

The LCD devices in the family (ICM721 1 . 721 1 A, 721 1 M, 
7211AM) provide outputs suitable for driving conventional 
four-digit, seven-segment LCD displays. These devices 
include 28 Individual segment drivers, backplane driver, and 
a self-contained oscillator and divider chain to generate the 
backplane frequency. 

The segment and backplane drivers each consist of a 
CMOS inverter, with the n- and p-channel devices ratioed to 
provide identical on resistances, and thus equal rise and fall 
times. This eliminates any DC component, which could arise 
from differing rise and fall times, and ensures maximum 
display life. 



The backplane output devices can be disabled by con- 
necting the oscillator input (pin 36) to Vss- This allows the 
28 segment outputs to be synchronized directly to a signal 
input at the BP terminal (pin 5). In this manner, several slave 
devices may be cascaded to the backplane output of one 
master device, or the backplane may be derived from an 
external source. This allows the use of displays with 
characters In multiples of four and a single backplane. A 
slave device represents a load of approximately 200pF 
(comparable to one additional segment). Thus the limitation 
of the number of devices that can be slaved to one master 
device backplane driver is the additional load represented 
by the larger backpJane of displays of more than four digits. 
A good rule of thumb to observe in order to minimize power 
consumption is to keep the backplane rise and fall times 
less than about 5 microseconds. The backplane output 
driver should handle the backplane to a display of 1 6 one- 
half-inch characters. It is recommended that if more than 
four devices are to be slaved together, that the backplane 
signal be derived externally and all the ICM721 1 devices be 
slaved to it. This external signal should be capable of driving 
very large capacitive loads with short (1-2jus) rise and fall 
times. The maximum frequency for a backplane signal 
should be about 150Hz although this may be too fast for 
optimum display response at lower display temperatures, 
depending on the display used. 
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Display Waveforms 





The onboard oscillator is designed to free run at approxi- 
mately 19kHz at microampere power levels. The oscillator 
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frequency is divided by 128 to provide tiie backplane 
frequency, which will be approximately 150Hz with the 
oscillator free-running; the oscillator frequency may be 
reduced by connecting an external capacitor between the 
oscillator terminal and Vdd- 

The oscillator may also be overdriven if desired, although 
care must be taken to ensure that the backplane driver is 
not disabled during the negative portion of the overdriving 
signal (which could cause a D.C. component to the display). 
This can be done by driving the OSCillator input between 
the positive supply and a level out of the range where the 
backplane disable is sensed (about one fifth of the supply 
voltage above Vss)- Another technique for overdriving the 
oscillator (with a signal swinging the full supply) is to skew 
the duty cycle of the overdriving signal such that the 
negative portion has a duration shorter than about 6ne 
microsecond. The backplane disable sensing circuit will not 
respond to signals of this duration. 

LED DEVICES 

The LED devices in the family (ICM7212, 721 2A, 721 2M» 
7212AM) provide outputs suitable for directly driving four- 
digit, seven-segment common-anode LED displays. These 
devices include 28 individual segment drivers, each consist- 
ing of a low-leakage, current-controlled, open-drain, n- 
channel transistor. 

The drain current of these transistors can be controlled 
by varying the voltage at the BRighTness input (pin 5). The 
voltage at this pin is transferred to the gates of the output 
devices for "on" segments, and thus directly modulates the 
transistor's "on" resistance. A brightness control can be 
easily implemented with a single potentiometer controlling 
the voltage at pin 5, connected as in Figure 7. The 
potentiometer should be a high value (lOOKJ^ to 1M^) to 
minimize power consumption, which can be significant 
when the display is off. 

The BRighTness input may also be operated digitally as a 
display enable; when high, the display is fully on, and low 
fully off. The display brightness may also be controlled by 
varying the duty cycle of a signal swinging between the two 
voltages at the BRighTness input. 

Note that the LED devices have two connections for Vss; 
both of these pins should be connected. The doiible 
connection Is necessary to minimize effects of bond wire 
resistance with the large total display currents possible. 

When operating LED devices at higher temperatures 
and/or higher supply voltages, the device power dissipation 
may need to be reduced to prevent excessive chip tempera- 
tures. The maximum power dissipation is 1 watt at 25°C, 
derated linearly above 35°C to SOOmW at 70°C (-15mW/ 
°C above 35°C). Power dissipation for the device is given 
by: 

P = (VsUPP - VFLED)(ISEG)(nSEG) 

where Vfled 'S the LED forward voltage drop, Iseg 's 
segment current, and nsEQ is, the number of "on" seg- 
ments. It is recommended that if the device is to be 
operated at elevated temperatures the segment current be 
limited by use of the BRighTness input to keep power 
dissipation within the limits described above. 
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INPUT CONFIGURATIONS AND OUTPUT 
CODES 

The standard devices in the ICM721 1/12 family accept a 
four-bit true binary (ie, positive level = logical one) input at 
pins 27 thru 30, least significant bit at pin 27 ascending to 
the most significant bit at pin 30. The ICM721 1 , ICM721 1 M, 
ICM7212, and ICM7212M devices decode this binary input 
into a seven-segment alphanumeric hexadecimal output, 
while the ICM7211A, ICM7211AM, ICM7212A, and 
ICM7212AM decode the binary input into the same seven- 
segment output as in the ICM7218 "Code B", ie 0-9, dash, 
E. H, L, P, blank. These codes are shown explicitly in Table 
1 . Either decoder option will correctly decode true BCD to a 
seven-segment decimal output. 

TABLE 1: Output Codes 





BINARY 
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These devices are actually mask-programmable to pro- 
vide any 16 combinations of the seven segment outputs 
decoded from the four input bits. For large quantity orders 
custom decoder options can be arranged. Contact the 
factory for details. 

The ICM7211, ICM7211A, ICM7212, and ICM7212A 
devices are designed to accept multiplexed binary or BCD 
input. These devices provide four separate digit lines (least 
significant digit at pin 31 ascending to most significant digit 
at pin 34), each of which when taken to a positive level 
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ICM7211/12 



decodes and stores in the output latches of its respective 
digit the character corresponding to the data at the input 
port, pins 27 through 30. 

The ICI\/I7211M, ICM7211AM, ICM7212M, and 
ICM7212AM devices are intended to accept data from a 
data bus under processor control. 

In these devices, the four data Input bits and the two-bit 
digit address (DA1 pin 31, DA2 pin 32) are writ ten in to input 
buffer latches when both chip select inputs (CS1 pin 33, 
CS2 pin 34) are taken low. On the rising edge of either chip 
select input, the content of the data input latches is 
decoded and stored in the output latches of the digit 
selected by the contents of the digit address latches. 

An address of 00 writes into D4. DA2 = 0, DA1 = 1 writes 
into D3, DA2 = 1 , DA1 = writes into D2, and 1 1 writes into 
D1. The timing relationships for inputting data are shown in 
Figure 5, and the chip select pulse widths and data setup 
and hold times are specified under Operating Characteris- 
tics. 



APPLICATIONS 
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§ ICM7218 

^ 8-Digit LED 



a Multiplexed Display Driver 




GENERAL DESCRIPTION 

The ICM7218 series of universal LED driver systems 
provide, in a single package, all the circuitry necessary to 
interface most common microprocessors or digital systems 
to an LED display. Included on chip are an 8-byte static 
display memory, 2 types of 7-segment decoders, multiplex 
scan circuitry, and high current digit and segment drivers for 
either common-cathode or common-anode displays. 

The I CM7218A and ICM7218B feature 2 control lines 
(WRITE and MODE) which write either 4 bits of co ntrol 
inform ation (DA TA COMING, SHUTDOWN,DECODE, and 
HEXA/CODE B) or 8 bits of display input data. Display data 
is automatically sequenced in to the 8 -byte internal memory 
on successive positive going WRITE pulses. Data may be 
displayed either directly or decoded in Hexadecimal or 
Code B formats. 

The I CM7218C and ICM721 8D feature 2 control lines 
(WRITE and HEXA/CODE B/SHUTDOWN), 4 separate 
display data input lines, and 3 digit address lines. Display 
data is written into the int ernal me mory by setting up a digit 
address and strobing the WRITE line low. Only Hexadeci- 
mal and Code B formats are available for display outputs. 

Th e iCM7 2 18E p rovides 4 i nput lines for c ontrol informa - 
tion (WRITE, HEXA/CODE B, DECODE and SHUTDOWN), 
8 separate display data input lines, and 3 digit address lines. 
Display data is written into the int ernal me mory by setting up 
a digit address and strobing the WRITE line. Data may be 
displayed either directly or decoded in Hexadecimal or 
Code B formats. 

ORDERING INFORMATION 



PART 
NUMBER 


TEMPERATURE 
RANGE 


PACKAGE 


ICM7218AIJI 


-40"C to +85»C 


28-PIN CERDIP 


ICM7218A/D 


— 


DICE . 


ICM7218B/D 


— 


DICE 


ICM7218BIJI 


-40''C to +86"C 


28-PIN CERDIP 


ICM7218CIJI 


-40X to +85*'C 


28-PIN CERDIP 


ICM7218C/D 


— 


DICE 


ICM7218DIJI 


-40**C to +85**C 


28-PIN CERDIP 


ICM7218D/D 


" . — 


DICE 


ICM7218EIJL 


- 40*^0 to +85°C 


40-PIN CERDIP 


ICM7218E/0 


— 


DICE 



FEATURES 

• Microprocessor Compatible — C, D, E Versions 

• Totai Circuit Integration On Chip Includes: 

a) Digit and Segment Drivers 

b) Ail Multiplex Scan Circuitry 

c) 8 Byte Static Display Memory 

d) 7 Segment Hexadecimal and Code B 
Decoders (Pin Selectable) 

• Output Drive Suitable for Large LED Displays 

• Common Anode and Common Cathode Versions 

• Single 5 Volt Supply Required 

• Data Retention to 2 Volts Supply 

• Shutdown Feature — Turns Off Display and Puts 
Chip Into Low Power Dissipation Mode 

• Sequential and Random Access Versions 

• Decimal Point Drive On Each Digit 
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ICM7218 



ABSOLUTE MAXIMUM RATINGS 



O 



Supply Voltacje (VpD-Vss) 6V Power Dissipation (28 Pin CERDIP) 1 W (Note 2) 

Digit Output Current SOQmA Power Dissipation (40 Pin CERDIP) 1 W (Note 2f) 

Segment Output Current 50mA Operating Temperature Range -40*0 to +85**C 

Input Voltage Storage Temperature Range -65**C to + 1 50*C 

(any terminal) Vss -0.3V to Vdd + 0.3V Lead Temperature (Soldering, 10sec) 300°C 

(Note 1) 

Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings only, and functional 

operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to 

absolute maximum rating conditions for extended periods may affect device reliability. 

NOTE 1: Due to the SCR structure inherent in the CMOS process used to fabricate these devices, connecting any terminal to a voltage greater than Vdd or 
less than Vss m^iy cause destructive device latchup. For this reason it is recommended that no inputs from sources operating on a different power 
supply be applied to the device before its own supply is established, and when using multiple supply systems the supply to the ICM7218 should be 
turned on first. 

NOTE 2: These limits refer to the package and will not be obtained dunng normal operation. Derate above SO'C by 25mW per °C. 
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Figure 1: Functional Diagrams 
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Figure 2: Pin Configurations 



ELECTRICAL CHARACTERISTICS Vdd = 5V, Vss = OV, Ta = 25°C, Display Diode drop = 1.7V 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


VSUPPLY 


Supply Voltage Range 


Operating 

Power Down Mode 


4 
2 




6 
6 


V 
V 


IQ 


Quiescent Supply Current 


Shutdown (Note 3) 


6 


10 


300 


IxA 


IDD 


Operating Supply Current 


Common Anode SEGS On 
SEGS Off 
Common Cathode SEGS On 
SEGS Off 
Note 4 


Outputs 
Open Circuit 






2.5 
500 
700 
250 


mA 
iuA 

ma 


Idig 


Digit Drive Current 


Common Anode Vout = VDD -2.0V 
Common Cathode Vout = Vss +1.0V 


140 
50 


200 
100 




mA 
mA 


Idlk 


Digit Leakage Current 




Shutdown Mode 
Common Anode Vout = 2V 
Common Cathode Vout = 5V 






100 
100 


mA 


ISEG 


Peak Segment Drive Current 


Common Anode Vout = Vss +1 OV 
Common Cathode Vout^Vpo -2.0V 


20 
-10 


40 
-20 




mA 
mA 


ISLK 


Segment Leakage Current 


Shutdown Mode 

Common Anode Vout = Vqd 

Common Cathode Vout = Vss 






100 
100 


juA 
iuA 


fMUX 


Display Scan Rate 


Per Digit 




250 




Hz 
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TABLE 1: INPUT DEFINITIONS ICM7218A and B 



O 

S 



ELECTRICAL CHARACTERISTICS 
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SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


VlH 
V|F 
V|L 
Z|N 


Three Level Input: Pin 9 ICM7218C/D 

Logical "1" Input Voltage 

Floating Input 

Logical "0" Input Voltage 

Three Level Input Impedance 


Hexadecimal 
Code B 
Shutdown 
Note 3 


4.5 
2.0 


100 


3.0 
0.4 


V 
V 
V 


V|H 
V|L 


Logical "1" Input Voltage 
Logical "0" Input Voltage 




3.5 




0.8 


V 
V 


tWL 


Write Pulse Width (Low) 


721 8A, B 


550 


400 




ns 


tWL 


Write Pulse Width (Low) 


721 8C, D, E 


400 


250 




ns 


tMH 


Mode Hold Time 


721 8A, B 


150 






ns 


tMS 


Mode Set Up Time 


721 8A, B 


500 






ns 


tDS 


Data Set Up Time 




500 






ns 


tDH 


Data Hold Time 


7218 A,B 
7218 C.D.E 


50 
125 






ns 
ns 


tAS 
tAH 


Digit Address Set Up Time 
Digital Address Hold Time 


ICM7218C, D, E 
ICM7218C, D, E 


500 







ns 
ns 


Z|N 


Data Input Impedance 


5-10 pF Gate Capacitance 




w'<> 




Ohms 



INPUT 


TERMINAL 


LOGIC 
LEVEL 


FUNCTION 


WRITE 


8 


High 
Low 


Input Not Loaded Into Memory 
Input Loaded Into Memory 


MODE 


9 


High 
Low 


Load Control bits on Write Pulse 
Load Input Data on Write Pulse 


ID4 SHUTDOWN 


MODE 
High 


10 


High 
Low 


Normal Operation 

Shutdown (Oscillator, Decoder and Display Disabled) 


ID5 (DECODE) 


6 


High 
Low 


No Decode 
Decode 


ID6 (HEXA/CODE B) 


5 


High 
Low 


Hexadecimal Decoding 
Code B Decoding 


ID7 (DATA COMING) 


7 


High 
Low 


Data Coming 
No Data Coming 


Control Word 


ID0-ID7 


MODE 
Low 


11,12,13,14, 
5,6,10,7 




Display Data Inputs (Notes 4, 5) 



TABLE 2: INPUT DEFINITIONS ICM7218C and D 



INPUT 


TERMINAL 


LOGIC 
LEVEL 


FUNCTION 


WRITE 


8 


High 
Low 


Input Not Loaded Into Memory 
Input Loaded Into Memory 




9 
(Note 3) 


High 

Floating 

Low 


Hexadecimal Decoding 

Code B Decoding 

Shutdown (Oscillator, Decoder and Display Disabled) 


HEXA/CODE B/SHUTDOWN 


DAO -DA2 


10,6,5 




Digit Address Inputs 


IDO -ID3 

ID (INPUT D.P) 


14,13,11,12 

7 




Display Data Inputs 
Decimal Point Input 



NOTE 3: In the ICM7218C and D (random access versions) the HEXA/CODE B/SHUTDOWN Input (Pin 9) has internal biasing resistors to hold it 

at Vdd/2 when Pin 9 is open circuited. These resistors consume power and result in a quiescent supply current (Iq) of typically 50/iA. 

The ICM7218A, B, and E devices do not have these biasing resistors and thus are not subject to this condition. 
NOTE 4: ID0-ID3 = Don't care when wnting control data 

ID4-ID6 = Don't care when writing Hex/Code B data 

(The display blanks on ICM7218A/B versions when writing in data) 
NOTE 5: In the No Decode format, "Ones" represents "on" segments for all inputs except for the Decimal Point, where "Zero" represents an 

"on" segment, (i.e segments are positive true, decimal point is negative true). 
NOTE 6: Common Anode segment drivers and Common Cathode Digit Dnvers have 20kr2 pullup resistors. 



Note: All typical values have been guaranteed by characterization and are not tested. 



I ieM7218 

S TABLE 3: INPUT DEFINITIONS ICM7218E 



INPUT 


TERMINAL 


LOGIC 
LEVEL 


FUNCTION 


WRITE 


9 


High 
Low 


Input Latches Not Updated 
input Latches Updated 


SHUTDOWN 


10 


High 
Low 


Normal Operation 

Shutdown (Oscillator, Decoder and Displays 

Disabled) 


bEC6dE 


33 


High 
Low 


No Decode 
Decode 


H&XA/CODE B 


32 


High 
Low 


Code B Decoding 
Hexadecimal Decoding 


DA0-DA2 

Digit Address (0,1,2) 


13,14,12 




Digit Address Inputs 


IDO - ID6 

ID7 (INPUT DP.) 


17,16,18,19,11,7,6 
8 




Display Data Inputs (Note 5) 
Display Data/Decimal Point input 
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Figure 3: iViuitipiex Timing 
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Figure 4: Segment Assignments 



The 7 segment decoder on chip is disabled when direct 
segment information is to be written. In this format, the 
inputs directly control the outputs as follows: 



Input Data: 



ID7 IDS IDS ID4 ID3 ID2 ID1 IDO 



a 



f 



DETAILED DESCRIPTION 



DECODE Operation 

For the ICM7218A/B/E products, there are 3 input data 
formats possible; either direct segment and decimal point 
information (8 bits per digit) or two Binary code plus decimal 
point information (Hexadecimal/Code B formats with 5 bits 
per digit). 



Output Segments: D.P. 

Here, "Ones" represent "on" segments for all inputs 
except the Decimal Point. For the Decimal Point "zero" 
represents an "on" segment. 

HEXAdecimal/CODE B Decoding 

For all products, a choice of either HEXA or Code B 
decoding may be made, HEXA decoding provides 7 seg- 
ment numeric plus six alpha characters while Code B 
provides a negative sign (-), a blank (for leading zero 
blanking), certain useful alpha characters and all numeric 
formats. 

The four bit binary code is set up on inputs IDS-IDO. 
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ICM7218 



Deci- 
mal 


0123456789 1011 12131415 


HEXA 
CODE 

CODE 
B 


012345678 9 AbCdEF 
0123456789-EHLP (blank) 



S HUTDOWN 

SHUTDOWN performs several functions: it puts the 
device into a very low dissipation mode (typically lOfxA at 
Vdd = 5V), turns off both the digit and segment drivers, and 
stops the multiplex scan oscillator (this is the only way the 
scan oscillator can be disabled). However, it is still possible 
to input data to the memory during shutdown — only the 
display output sections of the device are disabled in this 
mode. 

Powerdown 

In the Shutdown Mode, the supply voltage may be 
reduced to 2 volts without data in memory being lost. 
However, data should not be written into memory if the 
supply voltage is less than 4 volts. 

Output Drive 

The common anode output drive is approximately 200 
mA per digit at a 12% duty cycle. With segment peak drive 
current of 40mA typically, this results in 5mA average drive. 
The common cathode drive capability is approximately one 
half that of the common anode drive. If high impedance 
LED displays are used, the drive current will be correspond- 
ingly less. 

Inter Digit Blanking 

A blanking time of approximately lO/us occurs between 
digit strobes. This ensures that the segment information is 
correct before the next digit drive, thereby avoiding display 
ghosting. 

Driving Larger Displays 

If a higher average drive current per digit is required, it is 
possible to connect digit drive outputs together. For exam- 
ple, by paralleling pairs of digit drives together to drive a 4 
digit display, 5mA average segment drive current can be 
obtained. 



Power Dissipation Considerations 

Assuming common anode drive at Vdd - 5 volts and all 
digits on with an average of 5 segments driven per digit, the 
average current would be approximately 200mA. Assuming 
a 1 .8 volt drop across the LED display, there will be a 3.2 
volt drop across the ICM721 8. The device power dissipation 
will therefore be 640mW, rising to about 900mW, for all 
'8' 's displayed. Caution: Position device in system such 
tliat air can flow freely to provide maximum cooling. 
Tiie common cathode dissipation is approximately one 
half that of the common anode dissipation. 

Sequential Addressing Considerations 
(ICM7218A/B) 

The control instru ctions a re read from the input bus lines 
if MODE is high and WRITE low. The instructions occur on 4 
lines and are — DECO DE/ no Decode, type of Decode (if 
desired), SHUTDOWN/no Shutdown and DATA COMING/ 
not Coming. After the control word has been written (with 
the Data Coming instruction), display data can be written 
into memory with each successive negative going WRITE 
pulse. After all 8 digit memory lo cations have been written 
to, additional transitions of the WRITE input are ignored 
until a new control word is written. It is not possible to 
change one Individual digit without refreshing the data for all 
the other digits. 

Random Access Input Drive Considerations 
(ICM7218C/D/E) 

Control instructions are provided to the ICM7218C/D by 
a single three level i nput ter minal (Pin 9), which operates 
independently of the WRITE pulse. The ICM7218E control 
instructions are also independent but are on three separate 
pins (10, 32. 33). 

Data can be written into memory on the ICM7218C/D/E 
by setting up a 3 bit binary code (one of eight) on the digit 
address inputs and applying a low level to the WRITE pin. 
For example, it is possible to change only digit 7 without 
altering the data for the other digits. (See Figure 7). 

Supply Capacitor 

A 0.1 mF capacitor is recommended between Vdd ^nd 
Vss to bypass multiplex noise. 



!2 





WHSTft 



H tmh 




Figure 5: Timing Diagram for ICM7218A/B 
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SHUTDOWN? ID4 
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Figure 6: Load Sequence ICM7218A/B 
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Figure 7: Timing Diagram for ICIVI7218C/D/E 
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Figure 8: Test Circuits (#1) 



8-16 



Note: All typical values have been guaranteed by characterization and are not tested 



ICM7218 



o 

s 

10 

■A 

00 



DIOITADOWCtil>= 



MCXA/CODC •/at 



1 i I-**^ 




DIQITAppWffMI^ 
I077d.P.)W 



OIOIT ADOWltt 2 r 



Lli 



VDD 



VSS 



Ot D7 D> OS 04 D3 D2 D1 



-FT 
u u 



COMMON CATHODE 
DISPLAY 



Figure 9: Test Circuits (#2) 



TYPICAL PERFORMANCE CHARACTERISTICS 



COMMON ANODE SEG. DRIVER 
ISEG vs. VouT AT 25"C 
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COMMON ANODE SEG. DRIVER 
ISEG. vs. VouT 




COMMON ANODE DIGIT DRIVER Iqig 

vs. (Vdp-Yout) 
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VdO - VoUT (VOLTS) 



COMMON CATHODE DIGIT DRIVER 
•dig vs. Vout at 25X 




COMMON CATHODE SEG. DRIVER 
ISEG vs. (Vdd-Vout) 

30 




12 

VDD - VOUT (VOLTS) 



COMMON CATHODE DIGIT DRIVER 

•dig vs. Vout 




Vout (VOLTS) 
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Figure 10: 8 Digit Microprocessor Display 



APPLICATION EXAMPLES 

8 DIGIT MICROPROCESSOR DISPLAY APPLICATION 

Figure 10 shows a display interface using the ICM7218A/ 
B with an 8048 family microcontroller. The 8 bit data bus 
(DB0/DB7-ID0/ID7) transfers control and d ata info rmation 
to the 7218 display interface on successive WRITE pulses. 
The MODE input to the 7218 is connected to one of the I/O 
port pins on the microcontroller. When MODE is high a 
control word is transferred; when MODE is low data is 
transfered. Sequential locations in the 8-byte static m emory 
are autom atically l oaded on each successive WRITE pulse. 
After eight WRITE pulses have occurred, further pulses are 
ignored until a new control word is transferred. (See Figure 
6). This also allows writing to other peripheral devices, 
without disturbing the ICM7218A/B. 

16 DIGIT MICROPROCESSOR DISPLAY 

In this application (see Figure 11), both ICM7218's are 
addressed simultaneously with a 3 bit word, DA2-DA0. 



Display data from the 8048 I/O bus (DB7-DB0) is trans- 
ferred to both ICM7218's simultaneously. 

The display digits from both ICM7218's are Interleaved to 
allow adjacent pairs of digits to be loaded simultaneously 
from a single 8 bit data bus. 

Decimal point information is supplied to the ICM7218's 
from the processor on port lines P26 and P27. 

NO DECODE APPLICATION 

The ICM7218 can also be used as a microprocessor 
based LED status panel driver. The microprocessor select- 
ed control word must include "No Decode" and "Data 
Coming". The processor writes "Ones" and "Zeroes" into 
the ICM7218 which in turn directly drives appropriate 
discrete LEDs. LED indicators can be red or green (8 
segments x 8 digits = 64 dots -r2 per red or green = 32 
channels). 
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Figure 11: 16 Digit Display 
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ICM7231-ICM7234 

Numeric/Alphanumeric Triplexed 
LCD Display Driver 




GENERAL DESCRIPTION 

The ICM7231-7234 family of integrated circuits are de- 
signed to generate the voltage levels and switching wave- 
forms required to drive triplexed liquid-crystal displays. 
These chips also include input buffer and digit address 
decoding circuitry and contain a mask-programmed ROM 
allowing six bits of input data to be decoded into 64 
independent combinations of the output segments of the 
selected digit. 

The family is designed to interface to modern high 
performance microprocessors and microcomputers and 
ease system requirements for ROM space and CPU time 
needed tb service a display. 



ORDERING INFORMATION 



PART NUMBER 


TEMPERATURE 
RANGE 


PACKAGE 


ICM7231AFIJL 


-25°C to 


+ 85°C 


40 


pin CERDIP 


ICM7231AFIPL 


-25°C to 


+ 85°C 


40 


pin PLASTIC Dip 


ICM7231BFIJL 


-25°C to 


+ 85°C 


40 


pin CERDIP 


ICM7231BFIPL 


-25°C to 


+ 85°C 


40 


pin PLASTIC Dip 


ICM7231CFIJL 


-25°C to 


+ 85°C 


40 


pin CERDIP 


ICM7231CFIPL 


-25°C to 


+ 85°C 


40 


pin PLASTIC Dip 


ICM7232AFIJL 


-25''C to 


+ 85°C 


40 


pin CERDIP 


ICM7232AFIPL 


-25"'C to 


+ 85°C 


40 


pin PLASTIC Dip 


ICM7232EFIJL 


-25**C to 


+ 85*C 


40 


pin CERDIP 


ICM7232BFIPL 


-25°C to 


+ 85*0 


40 


pin PLASTIC Dip 



FEATURES 

• ldM7231: Drives 8 Digits of 7 Segments With 
Two Independent Annunciators Per Digit 
Address and Data input in Parallel Format 

• ICM7232: Drives 10 Digits of 7 Segments With 
Two Independent Annunciators Per Digit 
Address and Data Input in Serial Format 

• ICIVI7233: Drives 4 Characters of 18 Segments 
Address and Data Input in Parallel Format 

• ICM7234: Drives 5 Characters of 18 Segments 
Address and Data Input in Serial Format 

• All Signals Required to Drive Rows and Columns 
of Triplexed LCD Display Are Provided 

• Display Voltage Independent of Power Supply 

• On-Chip Oscillator Provides All Display Timing 

• Total Power Consumption Typically 200juW, 
Maximum SOOjuW at 5V 

• Low-Power Shutdown Mode Retains Data With 
5mW Typical Power Consumption at 5V, IjuW at 
2V 

• Direct Interface to High-Speed Microprocessors 



PART NUMBER 


TEMPERATURE 
RANGE 


PACKAGE 


ICM7232CR/D 


— 


DICE 


ICM7232CRIJL 


-25°C to +85°C 


40 pin CERDIP 


ICM7232CRIPL 


-25''C to +85X 


40 pin PLASTIC Dip 


ICM7233AEV/KIT 




Evaluiation Kit. 


ICM7233AF/D 


— 


DICE 


ICM7233AFIJL 


-25*C to +85*'C 


40 pin CERDIP 


ICM7233AFIPL 


-25°C to +85^C 


40 pin PLASTIC Dip 


ICM7233AF/D 


— 


DICE 


ICM7234AFIJL 


-25°C to +85°C 


40 pin CERDIP 


ICM7234AFIPL 


-25°C to +85"'C 


40 pin PLASTIC Dip 
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Figure 1: ICM7231 Functional Diagram 
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Figure 2: ICM7232 Functional Diagram 
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Figure 3: ICM7233 Functional Diagram 
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Figure 4: ICM7234 Functional Diagram 
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ICM7231-ICM7234 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage (Vqd-Vss) 6.5V 

Input Voltagef^l Vss~0-3 < V|n < 6.5 

Display Voltage^^^ -0.3 < Vpisp ^ +0.3 



Power Dissipation^"' ^ 0.5W @ 70°C 

Operating Temperature Range -25°C to +85°C 

Storage Temperature Range - 65°C to + 1 50°C 

Lead Temperature (Soldering, 10sec) 300**C 



NOTE: Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. 
Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 

Notes: 1. This limit refers to that of the package and will not be obtained during normal operation. ' ' ' 

2. Due to the SCR structure inherent in these devices, connecting any display terminal or the display voltage terminal to a, voltage outside the power 
supply to the chip may cause destructive device latchup. The digital inputs should never be connected to a voltage less than -0.3 volts below 
ground, but may be connected to voltages above ypp but not more than 6.5 volts above Vss- 
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Figure 5: Pin Configuration (Outiine dwg PL) 



ELECTR 


ICAL CHARACTERISTICS 


(V+ * 5V±10%, Vss = OV, Ta - -25°C tO 


+ 85X unless otherwise specified) 


SYMBOL 


PARAMETER 


TEST CONDITIONS/DESCRIPTION 


MIN 


TYP 


MAX 


UNIT 


Vdd 


Power Supply Voltage 




4.5 


>4 


5.5 


V 


Vdd 


Data Retention Supply Voltage 


Guaranteed Retention at 2V 


2 


1.6 




V 


IDD 


Logic Supply Current 


Current from VpD to Ground excluding 
Display Vdisp = 2V 




30 


100 


mA 


Is 


Shutdown Total Current 


Vdisp Pin 2 Open 




1 


10 


HA 


Vdisp 


Display Voltage Range 


Vss ^ Vdisp ^ Vdd 







Vdd 


V 


Idisp 


Display Voltage Setup 
Current 


Vdisp - 2V Current from Vdd to 
Vdisp On-Chip 




15 


30 


mA 


Rdisp 


Display Voltage Setup Resistor Value 


One of Three Identical Resistors in Stnng 


40 


75 




k^ 




DC Component of Display Signals 


(Sample Test only) 




V4 


1 


% (Vdd - Vdisp) 


^DISP 


Display Frame Rate 


See Figure 7 


60 


90 


120 


Hz 


ViL 


Input Low Level 


ICM7231, ICM7233 
Pins 30-35, 37-39, 1 

ICM7232, ICM7234 
Pins 1, 38, 39 (Note 1) 






0.8 


V 


V|H 


Input High Level 


2.0 






V 


IfLK 


Ihput Leakage 




0.1 


1 


mA 


C|N 


Input Capacitance 




5 




PF 


Vol 


Output Low Level 


Pm 37. ICM7232, ICM7234, loL=1mA, 
Vdd = 4.5V, Ioh=-500mA 






0.4 


V 


VOH 


Output High Level 


4.1 






V 


Top 


Operating Temperature Range 


Industnal Range 


-25 




+ 85 


°c 
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fCM7^31--iCM7234 

AC CHARACTERISTICS (Vdd = 5V±io% Vss = ov, -20X<Ta< +85°C) 

PARALLEL INPUT (ICM7231, ICM7233) See Figure 13 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


tcs : . 


Chip Select Pulse Width , 


(Note 1) 


500 


350 




ns 


tdS 


Address/Data Setup Time 


(Note 1) 


200 






ns 


tdh 


Address/Data Hold Time 


(Note .1) 





-20 




ns 


hcs 


Inter-Qhip Select Time 


(Note 1) 


3 






MS 



SERIAL INPUT (ICM7232, ICM7234) See Figures 16, 17. 18 










SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


t^ ' 


Data Clock LoW Time 


(Note 1) 


350 






ns 


tcl 


Data Clock High Time 


(Note 1) 


350 






ns 


tds 


Data Setup Time 


(Note 1) 


200 






ns 


tdh 


Data Hold Time 


(Note 1) 





-20 




ns 


twp 


Write Pulse Width 


(Note 1) 


500 


350 




ns 


twir 


Write Pulse to Clock at Initialization 


(Note 1) 


1.5 






MS 


todi 


Data Accepted Low Output belay 


(Note 1) 




200 


400 


ns 


toah 


Data Accepted High Output Delay 


(Note 1) 




1.5 


3 


jUS 


tews 


Write Delay After Last Clock 


(Note 1) 


350 






ns 



NOTE 1: For design reference only, not 100% tested. 

TABLE OF FEATURES 



TYPE NUMBER 


OUTPUT CODE 


ANNUNCIATOR 
LOCATIONS 


INPUT 


OUTPUT 


ICM7231AF 


Hexadecimal 


Both Annunciators 
on COM3 


Parallel Entry 
4 bit Data 

2 bit Annunciators 

3 bit Address 


8 Digits 
plus 

16 Annunciators 


ICM7231BF 


Code B 


ICM7231CF 


Code B 


1 Annunciator C0M1 
1 Annunciator COM3 


ICM7232AF 


Hexadecimal 


Both Annunciators 
on COM3 


Senal Entry 
4 bit Data 

2 bit Annunciators 
4 bit Address 


10 Digits 
plus 

20 Annunciators 


ICM7232B 


Code B 


ICM7232CR 


Code B 


1 Annunciator COMI 
1 Annunciator COM3 


ICM7233AF 


64 Character 
(ASCII) 
18 Segment 
(Half width numbers) 


No Independent 
Annunciators 


Parallel Entry 

6 bit (ASCII) Data 

2 bit Address 


Four 
Characters 


ICM7233BF 


64 Character 
(ASCII) 
18 Segment 
(Full width numbers) 


No Independent 
, Annunciators 


Parallel Entry 

6 bit (ASCII) Data 

2 bit Address 


Four 
Characters 


ICM7234AF 


64 Character 
(ASCII) 
18 Segment 
(Half width numbers) 


No Independent 
Annunciators 


Serial Entry 

6 bit (ASCII) Data 

3 bit Address 


Five 
Characters 


ICM7234BF 


64 Character 
(ASCII) 
18 Segment 
(Full width numbers) 


No Independent 
Annunciators 


Senal Entry 

6 bit (ASCII) Data 

3 bit Address 


Five 
Characters 
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ICM7231-*ICM7234 



TERMINAL DEFINITIONS 

ICM7231 PARALLEL INPUT NUMERIC DISPLAY 



10 



TERMINAL 


PIN 
NO. 


DESCRIPTION 


FUNCTION 


AN1 
AN2 


30 
31 


Annunciator 1 ContrpI Bit 
Annunciator 2 Control Bit 


High = ON 

Low = OFF See Table 3 


BDO 
BD1 
BD2 
BD3 


32 
33 
34 
35 


Least Significant - 
Most Significant _ 


4 Bit Binary 
Data Inputs 


Input 
Data 
(See Table 1) 


HIGH ^ Logical One (1) 
LOW = Logical Zero (0) 


AO 
A1 
A2 


37 
38 
39 


Least Significant -i 3 Bit Digit 

Address Inputs 
Most Significant J 


Input 
Address 
(See Table 2) 


CS 


1 


Data Input Strobe/Chip Select (Note 3) 


Trailing (Positive going) edge latches data, causes 
data input to be decoded and sent out to 
addressed digit 



NOTE: 3. CS has a special" mid-level" sense ci rcuit that establishes a test mode if it is held near 3V for several msec. Inadvertent tnggering of 
this mode can be avoided by pulling it high when inactive, or ensunng frequent activity. 

ICM7233 PARALLEL INPUT ALPHA DISPLAY 



TERMINAL 


PIN 
NO. 


DESCRIPTION 


FUNCTION 


DO 
D1 
D2 
D3 
D4 
D5 


30 
31 
32 
33 
34 
35 


Least Significant 
Most Significant _ 


6 Bit (ASCII) 
Data Inputs 


Input 
Data 

See 
Table 4 


HIGH = Logical One (1) 
LOW = Logical Zero (0) 


AO 
A1 


37 
38 


Least Significant _ 
Most Significant _ 


Address Inputs 


Input Add. 
See Table 5 


CST 
CS2 


39 
,1 


Chip Select Inputs 
(Note 3) 


Both inputs LOW load data into input latches 
Rising edge of either input, causes data to be 
latched, decoded and sent out to addressed 
character. 



NOTE: CS1 has a special "mid-level" sense circuit that establishes a test mode if it is held near 3V for several msec. Inadvertent tnggering of 
this mode can be avoided either by pulling it high when inactive, or ensunng frequent activity. 

iCM7232 and ICM7234 SERIAL DATA AND ADDRESS INPUT 



TERMINAL 


PIN 
NO. 


DESCRIPTION 


FUNCTION 


Data Input 


38 


Data + Address Shift Register Input 


HIGH = Logical One (1) 
LOW = Logical Zero (0) 


WRITE Input 


39 


Decode, Output, and Reset Strobe 


When DATA ACCEPTED Output is LOW, positive 
going edge of WRITE causes data in shift 
register to be decoded and sent to addressed 
digit, then shift register and control logic to be 
reset. When DATA ACCEPTED Output is HIGH, 
positive going edge of WRITE tnggers reset only. 


Data Clock 
Input 


1 


Data Shift Register and Control 
Logic Clock 


Positive going edge advances data in shift 
register. ICM7232: Eleventh edge resets shift , . 
register and control logic. 1CM7234: Tenth edge 
resets shift register and control logic. . 


DATA 

ACCEPTED 

Output 


37 


Handshake Output 


Output LOW when correct number of bits entered 
into shift register, ICM7232 8, 9 or 10 bits 
ICM7234 9 bits 
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ICM723l-i4CM7234 



Mi^DlL 



ALL DEVICES 






'■'/(', ->'^ i,' '/ '' 


TERMINAL 


PIN 
NO. 


DESCRIPTION 


FUNCTION 


Display 
Voltage Vdisp 


2 


Negative end of on-chip resistor 
string used to generate intermediate 
voltage levels for display. 
Shutdown Input. 


Display voltage control. When 
open (or less than 1V from VeJd) 
chip IS shutdown; oscillator stops, 
all display pins to Vpo- 


Common 
Line Driver 
Outputs 


3,4,5 




Dnve display commons, or rows. 


Segment 
Line Driver 
Outputs 


6-29 
6-35 


(On ICM7231/33) 
(On ICM7232/34) 


Dnve display segments, or columns. 


Vdd 


40 


Chip Positive Supply 




Vss 


36 


Chip Negative Supply 





rCM7231 FAMILY DESCRIPTION 

The ICM7231 drives displays with 8 seven-segment digits 
with two independent annunciators per digit, accepting six 
data bits and three digit address bits from parallel inputs 
controlled by a chip select input. The data bits are subdi- 
vided into four binary code bits and two annunciator control 
bits. 

The ICM7232 drives 10 seven-segment digits with two 
independent annunciators per digit. To write into the 
display, six bits of data and four bits of digit address are 
clocked serially Into a shift register, then decoded and 
written to the display. 

The ICM7233 has a parallel input structure similar to the 
ICM7231, but the decoding and the outputs are organized 
to drive four 18-segment alphanumeric characters. The six 
data bits represent a 6-bit ASCII code. 

The ICM7234 uses a serial input structure like that of the 
ICM7232, and drives five 18-segment characters. Again, the 
input bits represent a 6-bit ASCII code. 

Input levels are TTL compatible, and the DATA ACCEPT- 
ED output on the serial input devices will drive one LSTTL 
load. The intermediate voltage levels necessary to drive the 
display properly are generated by an on-chip resistor string, 
and the output of a totally self-contained on-chip oscillator 
is used to generate all display timing. All devices in this 
family have been fabricated using Intersil's MAXCMOS® 
process and all inputs are protected against static dis- 
charge. 

TRIPLEXED (1/3 MULTIPLEXED) LIQUID 
CRYSTAL DISPLAYS 

Figure 6 shows the connectior) diagram for a typical 7- 
segment display font with two annunciators such as would 
be used with an ICM7231 or ICM7232 numeric display 
driver. Figure 7 shows the voltage waveforms of the 
common lines and one segment line, chosen for this 
example to be the "Y" segment line. This line intersects 
with C0M1 to form the "a" segment, COM2 to form the "g" 
segment and COM3 to form the "d" segment. Figure 7 also 
shows the waveform of the "Y" segment line for four 
different ON/OFF combinations of the "a", "g" and "d" 
segments. Each intersection (segment or annunciator) acts 
as a capacitance from segment line to common line, shown 
schematically In Figure 8. Figure 9 shows the voltage 
across the "g" segment for the same four combinations of 
ON /OFF segments in Figure 7. 



The degree of polarization of the liquid crystal material 
and thus the contrast of any intersection depends on the 
RMS voltage across the intersection capacitance. Note 
from Figure 4 that the RMS OFF voltage is always Vp/3 and 
that the RMS ON voltage is always 1.92 Vp/3. 

For a 1/3 multiplexed LCD, the ratio of RMS ON to OFF 
voltages is fixed at 1 .92, achieving adequate display con- 
trast with this ratio of applied RMS voltage makes some 
demands on the liquid crystal material used. 

Figure 10 shows the curve of contrast versus applied 
RMS voltage for a liquid crystal material tailored for 
Vp = 3.1V, a typical value for 1 /3-multiplexed displays in 
calculators. Note that the RMS OFF voltage Vp/3^1V is 
just below the "threshold" voltage where contrast begins to 
increase. This places the RMS ON voltage at 2.1V, which 
provides about 85% contrast when viewed straight on. 

All members of the ICM7231/ICM7234 family use an 
internal resistor string of three equal value resistors to 
generate the voltages used to drive the display. One end of 
the string is connected on the chip to Vqd and the other 
end (user input) is available at pin 2 (Vdisp) on each chip. 
This allows the display voltage input (Vpisp) to be optimized 
for the particular liquid crystal material used. Remember 
that Vp = Vdd — Vdisp and shpuld be three times the 
threshold voltage of the liquid crystal material used. Also it 
is very important that pin 2 never be driven below Vss- This 
can cause device latchup and destruction of the chip. 





COM 3- 
SEGMENT LINE CONNECTION COMMON LINE CONNECTION 

CC 

Figure 6: Connection Diagrams for 
Typical 7-Segment Displays 



8-26 
Note: Ail typical values have been guaranteed by characterization and are not tested. 



ICM7231<^ICM7234 



I ^l1 ^ I ^3 I ^1 I ^2 I ^3 i 




r.T -1 



COMMON LINE 
WAVEFORMS 



vdo 

,, ON CHIP 

Vh ] RESISTOR STRING 



•'«0N - I ' I 

dOFF I ' 



Vt 



VDO 
Vh 




TVFICAL 
SEGMENT LINE 
■ WAVEFORMS 
(SEGMENT 
LINE "Y") 



Vt 
•Vow 



Figure 7: Display Vpltage Waveforms 

NOTE: 01, 02. 03 — COMMON HIGH WITH RESPECT TO 
SEGMENT. 

0r, 02'. 03'— COMMON LOW WITH RESPECT TO 
SEGMENT. 

COM 1 ACTIVE DURING 0i AND 0r 

COM 2 ACTIVE DURING 02 AND 02' 

COM 3 ACTIVE DURING 03 AND 03' - 



'« 


y 


^ 


b 




Vg +y 






e 


/ 


9 


c 


LH 


/ 


' 

- 


RH 


, 









_ SEGMENT 
LINES 



Figure 8: Display Schematic 





1 01 1 02 1 ^3 1 OV 1 02' 1 03' 1 Vp = V* - VoiSP 
+Vp = COMMON AND 

SEGMENT PEAK TO 




ALL OFF - 


1 1 1 1 1 r r Vao.L- ^^ -Vno-nrr 


1 1 1 1 1 1 1 ° "^ 3 '"-^^^ 


* -Vp 


a ON 
9,d OFF ' 


Wp 








. 




1 








I 




M M 1 


1 

+Vp 


a,gON" 
dOFF" 




-1- 
















T 


-Vp 

1 1 rir .. 


ALL ON - 


1 i 1 1 1 1 1 

WF01930I 




Figure 9: Voltage Waveforms on 
Segment g(Vg) 


Vrms ON VTT 

VOLTAGE CONTRAST RATIO = -^^-^ = 1 .92 

VrmsOFF V3 


NOTE 


:01. 02. 03 -COMMON HIGH WITH RESPECT TO 




SEGMENT. 




0r. 02'. 03- -COMMON LOW WITH RESPECT TO 




SEGMENT. 




COM 1 ACTIVE DURING 0i AND 0r 




COM 2 ACTIVE DURING 02 AND 02' 




COM 3 ACTIVE DURING 03 AND. 03' 



10 
J 

i 

10 



8-27 
Note- All typical values have been guaranteed by characterization and are not tested. 






01 

S 

o 



ICM7a31^ieM7234 




T> 


V=25 


» = 


-10" 


= 






h 


J^^^ 


^ 


^ 




. 1 


1 ~J(^J 


/ 


= -30'~. 






_._. 




li 


\ T 

j = +i( 


1° 




— 


V0FF = 


i 




1 

4- - 




MS>^ 




ON = 2.1V 






- t,--^ 


-;- 


" 






1 



APPLIED VOLTAGE (Vrms) 



Figure 10: Cohtrast vs. Applied RIVIS Voltage 









5 

1 

O 3 
& 2 

1 


























































1 1 1 1 
PEAK VOL,TAGE 




- 








- 




FOR 90% CONTRAST 








M^^ 


























•«^ 


h*. 


>*• 










"n 




— . 




















1 PEAK VOLTAGE 

FOR 10% CONTRAST ~ 
u (OFF) 


**. 


- 


















































































-1 

Figure 


10 20 30 40 » 

AMBIENT TEMPERATURE (°C) 

OP04390I 

11: Temperature Depende 
of LC Threshold 




nee 



TEMPERATURE EFFECTS AND 
TEMPERATURE COMPENSATION 

The performance of the IC material is affected by 
temperature in two ways. The response time of the display 
to changes in applied RMS voltage gets longer as the 
display temperature drops. At very low temperatures 
(-20^*0) some displays may take several seconds to 
change a new character after the new information appears 
at the outputs. However, for most applications above 0°C 
this will not be a problem with available multiplexed LCD 
materials, and for low-temperature applications, high-speed 
liquid crystal materials are available. One high temperature 
effect to consider deals with plastic materials used to make 
the polarizer. Some polarizers become soft at high tempera- 
tures and permanently lose their polarizing ability, thereby 



seriously degrading display contrast. Some displays also 
use sealing materials unsuitable for high temperature use. 
Thus, when specifying displays the following must be kept 
In mind: liquid crystal material, polarizer, and seal materials. 
A more important effect of temperature is the variation of 
threshold voltage. For -typical liquid crystal materials suit- 
able for multiplexing, the peak voltage has a temperature 
coefficient of -7 to -14 mV/°C..This means that as 
temperature rises, the threshold voltage goes down. As- 
suming a fixed value for Vp, when the threshold voltage 
drops below Vp/3 OFF segments begin to be visible. Figure 
1 1 shows the temperature dependence of peak voltage for 
the same liquid crystal material of Figure 10. 

For applications where the display temperature does not 
vary widely, Vp may be set at a fixed voltage chosen to 
make the RMS OFF voltage, Vp/3, just below the threshold 
voltage at the highest temperature expected. This will 
prevent OFF segnients turning ON at high temperature (this 
at the cost of reduced contrast for ON segments at low 
temperatures). 

For applications where the display temperature may vary 
to wider extremes, the display voltage Vpisp (and thus Vp) 
may require temperature compensation to maintain suffi- 
cient contrast without OFF segments becoming visible. 

DISPLAY VOLTAGE AND TEMPERATURE 
COMPENSATION 

These circuits allow control of the display peak voltage by 
bringing the bottom of the voltage divider resistor string out 
at pin 2. The simplest means for generating a display 
voltage suitable to a particular display is to connect a 
potentiometer from pin 2 to Vss as shown in Figure 12. A 
potentiometer with a maximum value of 200 kO should give 
sufficient range of adjustment to suit most displays. This 
method for generating display voltage should be used only 
in applications where the temperature of the chip and 
display won't vary more than ±5°C (±9°F), as the resistors 
on the chip have a positive temperature coefficient, which 
will tend to increase the display peak voltage with an 
increase in temperature. The display voltage also depends 
on the power supply voltage, leading to tighter tolerances 
for wider temperature ranges. 



i 



if 



2 VoisP 



ICM 

7231- 

7234 



Figure 12: Simple Display 
Voltage Adjustment 



Figure 13(a) shows another method of setting up a 
display voltage using five silicon diodes in series. These 
diodes, 1N914 or equivalent, will each have a fonA^ard drop 
of approximately 0.65V, with approximately 20juA flowing 
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ICM723i-ICM7234 

through them at room temperature. Thus, 5 diodes will give 
3.25V, suitable for a 3V display using the material properties 
shown in Figures 1 and 1 1 . For higher voltage displays, 
more diodes may be added. This circuit provides reason- 
able temperature compensation, as each diode has a 
negative temperature coefficient of -2 mV/°C; five in 
series gives -10 mV/°C, not far from optimum for the 
material described. 

The disadvantage of the diodes in series is that only 
integral multiples of the diode voltage can be achieved. The 
diode voltage multiplier circuit shown in Figure 1 3(b) allows 
fine-tuning the display voltage by means of the potentiome- 
ter; it likewise provides ternperature compensation since 
the temperature coefficient of the transistor base-emitter 
junction (about - 2 mV/°C) is also multipled. The transistor 
should have a beta of at least 1 00 with a collector current of 
10 juA. The inexpensive 2N2222 shown in the figure is a 
suitable device. 
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i? 
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36 
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Figure 13(a): String of Diodes 
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Figure 13(b): Transistor-IVIultiplier 

Figure 13: Diode-based Temperature 
Compensation 
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Figure 15: Parallel Input Timing 
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Figure 16: ICM7232 One t)igit Input Timing Diagram, Writing Both Annunciators 



For battery operation, where the display voltage is 
generally the same as the battery voltage (usually 3-4.5V), 
the chip may be operated at the display voltage, with Vpisp 
connected to Vss- The inputs of the chip are designed such 
that they may be driven above Vdd without damaging the 
chip. This allows, for example, the chip and display to 
operate at a regulated 3V, and a microprocessor driving Its 
inputs to operate with a less well controlled 5V supply. (The 
inputs should not be driven more than 6.5V above GND 
under any circumstances,) This also allows temperature 
compensation with the ICL7663, as shown in Figure 14. 
This circuit allows Independent adjustment of both voltage 
and temperature compensation. 



DESCRIPTION OF OPERATION 

PARALLEL INPUT OF DATA AND ADDRESS 
(ICM7231, ICIVI7233) 

The parallel input structure of the ICM7231 and ICM7233 
devices is organized to allow simple, direct interfacing to all 
microprocessors, (see functional diagrams Figures 1 and 3). 
In the ICM7231, address and data bits are written into the 
input latches on the rising edge of the Chip Select input. In 
the ICM7233, the two Chip Selects are equivalent; when 
both are low, the latches are transparent and the data is 
latched on the rising edge of either Chip Select. 
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Figure 17: ICM7232 Input Timing Diagram, Leaving Both Annunciators Off 



The rising edge of the Chip Select also triggers an on- 
chip pulse which enables the address decoder and latches 
the decoded data into the addressed digit/character out- 
puts. The timing requirements for the parallel input devices 
are shown in Figure 15, with the values for setup, hold, and 
pulse width times shown in the AC Characteristics section. 
Note that there is a minimum time between Chip Select 
pulses; this is to allow sufficient time for the on-chip enable 
pulse to decay, and ensures that new data doesn't appear 
at the decoder inputs before the decoded data is written to 
the outputs. 

SERIAL INPUT OF DATA AND ADDRESS (ICM7232, 
ICM7234) 

The ICM7232 and ICM7234 trade six pins used as data 
inputs on the ICM7231 and ICM7233 for six more segment 
lines, allowing two rnore 9-segment digits (ICM7232) or one 
more 18-segment character (ICM7234). This is done at the 
cost of ease in interfacing, and requires that data and 
address information be entered serially. Refer to functional 
diagrams, Figures 2 and 4 and timing diagrams. Figures 1 6, 
17, and 18. The interf ace con sists of four pins: DATA Input, 
DATA CLOCK Input, WRITE Input and DATA ACCEPTED 
Output. The data present at the DATA Input is clocked into 
a shift register on the rising edge of the DATA CLOCK Input 
signal, and when the correct number of bits has been 
shifted into the shift register (8 In the ICM7232, 9 in the 
ICM7234), the DATA ACCEPTE D Outpu t goes low. Follow- 
ing this, a low-going pulse at the WRITE input will trigger the 
chip to decode the data and store it in the output latches of 
the addressed digit/ character. After the data is latched at 
the outputs, the shift register and the control logic are reset, 
returning the DATA ACCEPTED Output high. After this 
occurs, a pulse at the WRITE input will not change the 



outputs, but will reset the control logic and shift register, 
assuring that each data bit will be entered into the correct 
position in the shift register depending on subsequent 
DATA CLOCK Inputs. 

The shift register and control logic will also be reset if too 
many DATA CLOCK INPUT edges are received; this 
prevents incorrect data from being decoded. In the 
[CM7232, the, eleventh clock resets the shift register and 
control logic, while in the ICM7234 it is the tenth. 

The recommended procedure for entering data is shown 
in the serial Input timing diagra m, Figur e 16. First, when 
DATA ACCEPTED is high, send a WRITE pulse. This resets 
the shift register and control logic and initializes the chip for 
the data input sequence. Next clock in the appropriate 
number of correct data and address bits. The DATA 
ACCEPTED Output may be monitored if desired, to deter- 
mine when the chip is ready to output the decoded data. 
When the correct number of bits has been ente red, and the 
DATA ACCEPTED Output is low, a pulse at WRITE will 
cause the data to be decoded and stored in the latches of 
the addressed digit/character. The shift register and control 
logic are reset, causing DATA ACCEPTED to return high, 
and leaving the chip ready to accept data for the next digit/ 
character. 

Note that for the ICM7232 the eleventh clock resets the 
shift register and control logic, but the DATA ACCEPTED 
Output goes low after the eighth clock. This allows the user 
to abbreviate the data to eight bits, which will write the 
correct character to the 7-segment display, but will leave 
the annunciators off, as shown in Figure 17. 

If only AN2 is to be turned on, nine bits are clocked in; if 
AN1 is to be turned on, all ten bits are used. 
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Figure 18: ICM7234 One Character Input Timing Diagram 



In the ICM7234, nine bits are always r equired; the control 
logic is similar, but allows only a WRITE (DATA ACCEPTED 
Low) with nine bits entered In the shift register, as shown in 
Figure 18. 

The DATA ACCEPTED Output will drive one low-power 
Schottky TTL Input, and has equal current drive capability 
pulling high or low. 

Note that in the serial input devices, it is possible to 
address digits/characters which don't exist. As shown in 
Tables 2 and 5 , when an incorrect address is applied 
together with a WRITE pulse, none of the outputs will be 
changed. 
DISPLAY FONTS AND OUTPUT CODES 

The standard versions of the ICM7231 and ICM7232 
chips are programmed to drive a 7-segment display plus 
two annunciators per digit. See Table 3 for annunciator 
input controls. 

The "A" and "B" suffix chips place both annunciators on 
COM3. The display connections for one digit of this display 
are shown in Figure 19. The "A" devices decode the Input 
data into a hexadecimal 7-segment output, while the "B" 
devices supply Code B outputs (see Table 1). 

The "C" devices place the left hand annunciator on 
C0M1 (AN2) and the right hand annunciator (usually a 
decimal point) on COM3 (AN1). (See Figure 20). The "C" 
devices provide only a "Code B" output for the 7-segments. 

The ICM7233 and ICM7234 are supplied in "A" and "B" 
versions. Both versions decode an ASCII 6-bit subset to an 
18-segment display, with 16 "flag" segments and two 
"dots". The "A" devices have number^ which are half 
width and the "B'^ devices have full width numbers. The 
layout for a single character is shown in Figure 21 with 
output decoding shown in Table 4. 



TABLE 1. BINARY DATA DECODING (ICM7231/32) 
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TABLE 2. ADDRESS DECODING (ICM7231/32) 
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TABLE 3. ANNUNCIATOR DECODING 



CODE 
INPUT 


DISPLAY OUTPUT 


AN 
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AN 
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ICM7231 A/B 

ICM7232 A/B 

BOTH 

ANNUNCIATORS 

ON COM 3 
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help of such a kit, an engineer or technician can have the 
system "up and running" in about half an hour. 

The ICM7233E\//KIT contains the appropriate ICs, a 
circuit board, a Multiplexed LCD display 16/18 segment, 
passive components, and miscellaneous hardware. 



EVALUATION KITS 

After purchasing a sample of the ICM7231/32/33/34, 
the majority of users will want to build a sample display. The 
parts can then be evaluated against the data sheet specifi- 
cations, and tried out in the intended application. However, 
locating and purchasing even the small number of addition- 
al components required, then wiring a breadboard, can 
often cause delays of days or sometimes weeks. To avoid 
this problem and facilitate evaluation of these unique 
circuits, Intersil is offering kits which contain all the neces- 
sary components to build 8 character displays. With the 
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Figure 19: ICM7231 and ICM7232 
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COMPATIBLE DISPLAYS 

Compatible displays are manufactured by: 

G.E. Displays Inc., Beechwood, Ohio 
(216)831-8100 (#356E3R99HJ) 

Epson America Inc., Torrance CA 
(Model Numbers LD6726/7/8). 

SeH^o Instruments USA Inc., Torrance CA 
(Custom Displays) 

Crystaloid, Hudson, OH 
TABLE 4. DATA DECODING 6-BIT ASCIU 18 SEGMENT 
(ICM7233/34) 
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TABLE 5. ADDRESS DECODING (ICM7233/34) 
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Figure 22: 8048/IM80C48 Microcomputer with 8 Character 16 Segment 
ASCII Triplex Liquid Crystal Display. 

The two bit character address Is merged with the data and written to the display driver under the 
control of the WR line. Port lines are used to either select the target drtver, or deselect all of them 
for other bus operations. 
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Figure 23: IV(C6802 Microprocessor with 16 Character 16 Segment 
ASCII Liquid Crystal Display. 

The peripheral device provides ROM and Timer functions in addition to port line control of the 
display bank. Individual character locations are addressed via the address bus. Note that VMA is not 
decoded on the$e lines, which could cause problems with the TST instruction. 
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Figure 24: EPROM-Coded Message System. 

This circuit cycles through a message coded in the EPROM, pausing at the end of each line, or 
whenever coded on Qq. 



Note: All typical values have been guaranteed by characterization and are hot tested. 



S ICM723iaCM7234 



N 



I 



FREOOENCY 



}.,F6WtQO I I. WTtRV»l. I . i WIIT ] { TtST ■] ■ | f «60 RATIO | , [_ 

aaaa aa a a 



TT 



ICM7226A FLINCTION 

RANGE 



w 



BOO-3 ICM7231Cf 



I i I 



Qo Qi Q? El 



M- 



Figure 25: lOMHz Frequency/Period Pointer with LCD Display. 

The annunciators show function and the decimal points indicate the range of the current operation. 
The system can be efficiently battery operated. 
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Figure 26: "Forward" Pin Orientation and Display Connections 
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Figure 27: "Reverse" Pin Orientation and Display Connections 
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Figure 28: "Forward" Die Pad Orientation and Typical Triplex 
Alphanumeric Display Connections 
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I l€M7^35 

I 4-Digit Vacuum 

9 Fluorescent Display Driver 




GENERAL DESCRIPTION 

The ICM7235 family of display driver tircuits provides the 
user with a single chip interface between digital logic or 
microprocessors to non-multiplexed 7-segment vacuum 
fluorescent displays. 

The chips provide 28 high voltage open drain P-channel 
transistor outputs organized as four 7-segment digits. The 
devices are available with two input configurations. The 
basic devices provide four data-bit inputs and four digit 
select inputs. This configuration is suitable for interfacing 
with multiplexed BCD or binary output devices, such as the 
Intersil ICM7217, ICM7226 and ICL7135. The microproces- 
sor interface devices (suffix M) provide data input latches 
and digit address latches under control of high-speed chip 
select inputs. These devices simplify the task of implement- 
ing a cost-effective alphanumeric 7-segment display for 
microprocessor systems, without requiring extensive ROM 
or CPU time for decoding and display updating. 

The standard devices available will provide two different 
decoder configurations. The basic device will decode the 
four bit binary input into a seven-segment alphanumeric 
hexadecimal output (0-9, A-F). The "A" versions provide 
the Code "B" output (0-9, dash, E, H, L, P, blank). Either 
device will correctly decode true BCD to seven-segment 
decimal outputs. 



FEATURES 

• 28 High Voltiage Outpots DHve Four T-Segment 
Digits 

• i\/luitiplexed BCD Input (7235) 

• I4igti Speed Processor interface (7235M) 

• 7-Segment Hexadecimai or Code-B Output 
Versions Available 

• Display Bianlcing Input 

• Low Power Operation 

ORDERING INFORMATION 



ORDER PART 
NUMBER 


TEMPERATURE 
RANGE 


PACKAGE 


ICM7235IPL 


-20'C to 


+ 85X 


40 Pin CERDIP 


ICM7235MIJL 


-20X to 


+ 85°C 


40 Pin CERDIP 


ICM7235MIPL 


-20X to 


+ 85°C 


40 Pin PLASTIC 


ICM7235AIJL 


-20°C to 


+ 85°C 


40 Pin PLASTIC 


ICM7235AIPL 


-20°C to 


+ 85°C 


40 Pin PLASTIC 


ICM7235AMIJL 


-20°C to 


+ 85°C 


40 Pin CERDIP 


ICM7235AMIPL 


-20X to 


+ 85°C 


40 Pm PLASTIC 


ICM7235/D. 




DICE 


ICM7235A/D 




DICE 


ICM7235AM/D 




DICE 


ICM7235M/D 




DICE 
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CHIP SELECT INPUTS 



32 DA2I 

31 DAir'®'^'^°'''*^^^ 



> DATA INPUTS 



Figure 1: Pin Configurations 



8-40 
Note: All typical values have been guaranteed by characterization and are not tested. 



-002 



ICM7235 

ABSOLUTE MAXIMUM RATINGS 

Power Dissipation (Note 1) 0.5W @ +70°C 

Supply Voltage (Vqd-Vss) 6.5 Volts 

Input Voltage (Note 2) Vss -0.3V to Vpo + tJ-SV 

Output Voltage (Note 3) Vdd-35V 

Stresses above listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional operation 
. of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 



Operating Temperature , Range -20X to +85*'C 

Storage Temperature Range -55°C to +125X 

Lead Temperature (Soldering, 10sec) 300°C 
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Figure 2: ICM7235/35A Functional Diagram 
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Figure 3: ICIVI723SM/35Aiyi Functional Diagram 
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ICM723& 



10 

.5 ELECTRICAl- CHARACTERISTICS (Ail parameters measured with Vdd = 

s unless stated otherwise). 



6V±10%, Vss^OV, Ta*25^C, 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


mtf 


TYP 


MAX 


UNIT 


VSUPP 


Operating Supply Voltage Range (Vdd -Vss) 




4 




6 


V 


•STBY 


Supply Current 


Measured Vqd to Vss 

Test circuit; display blank or OFF 




10 


50 


fxA 


IDD 


Supply Current 


Measured Vqd to Display 






100 


mA 


VSEG 


Segment OFF Output Voltage 


ISLK = 10iuA 


30 






V 


ILS 


Segment OFF Leakage Current 


VseG = Vdd-30V 




0.1 


10 


M 


'SEG 


Segment ON Current 


VseG = Vdd-2V 


1.5 


2.5 




mA 


INPUT CHARACTERISTICS 


SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


V|H 


Logical "1" Input Voltage ■ 


Referred to, Vss 


3 






V 


V|L 


Logical "0" Input Voltage 


Referred to Vss 






1 5 


V 


'ilk 


Input Leakage Current 


Pins 27-34 




±0.1 


±1 


fxA 


CjN 


Input Capacitance 


Pins 27-34 




5 




pF 


Iilk(On/off) 


5N/0FF Input Leakage 


Ail Devices 




±0.1 


±1 


M 


C|N(pN/OFF^ 


ON/OFF Input Capacitance 


All Devices 




200 




pF 


AC CHARACTERISTICS - MULTIPLEXED INPUT CONFIGURATION 


tWH 


Digit Select Active Pulse Width 




1 






US 


tDS 


Data Setup Time 




500 






ns 


tDH 


Data Hold Time 




200 






ns 


tiDS 


Inter-Digit Select Time 




2 






us 


AC CHARACTERISTICS - MICROPROCESSOR INTERFACE 


tWL 


Chip Select Active Pulse Width 


Other Chip Select either held active, 
or both dnven together 


200 






ns 


tDS 


Data Setup Time. 




100 






ns 


tDH 


Data Hold Time 




10 







ns 


tics 


Inter-Chip Select Time 




2 






/us 



NOTES: 1 . This limit refers to that of the package and will not be realized during normal operation. 

2. Due to the SCR structure inherent in the CMOS process used to fabricate these devices, connecting any input terminal to a voltage 
in excess of Vqd or Vss may cause destructive device latch-up For this reason, it is recommended that inputs from external 
sources operating on a different power supply be applied only aftdr the device's o\yn power supply has been established, and that 
on multiple supply systems the supply to the ICM7235 be turned on first. 

3. This value refers to the display outputs only. 

INPUT DEFINITIONS 

In this table, Vqd and Vss are considered to be normal operating input logic levels. Actual input low and high levels are 
specified under Operating Characteristics. For lowest power consumption, input signals should swing to either Vdd or Vss- 



INPUT 


TERMINAL 


TEST CONDITIONS 


FUNCTION 


BO 


27 


Vdd = Logical One 
Vss = Logical Zero 


Ones (Least Significant) 


Data Input Bits 


B1 


28 


Vdd = Logical One 
Vss =^ Logical Zero 


Twos 


B2 


29 


Vdd = Logical One 
Vss = Logical Zero 


Fours 


B3 


30 


Vdd = Logical One 
Vss = Logical Zero 


Eights (Most Significant) 


ON/OFF 


5 


Vdd = OFF, 
Vss = ON 




Display 5FJ/0FF Input 



ICM7235, ICM7235A MULTIPLEXED-BINARY INPUT CONFIQURATION 



INPUT 


TERMINAL 


TEST CONDITIONS 


FUNCTION 


D1 


31 


Vdd = Active 
Vss '^ inactive 


D1 Digit Select (Least Significant) 


D2 


32 


D2 Digit Select 


D3 


33 


D3 Digit Select 


D4 


34 


D4 Digit Select (Most Significant) 
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ICM723S 

ICM7235M, ICM7235AM MICROPROCESSOR INTERFACE INPUT CONFIGURATION 



INPUT 


DESCRIPTION 


TERMINAL 


TEST CONDITIONS 


FUNCTION 


DA1 


Digit ADDRESS 
Bit 1 (LSB) 


31 


Vdd = Logical One 
Vss = Logical Zero 


DA2 & DAI serve as a two bit Digit Address Input 
DA2, DA1 = 00 selects D4 
DA2, DA1 = 01 selects D3 
DA2, DAI = 10 selects D2 
DA2, DAI = 1 1 selects D1 


DA2 


Digit ADDRESS 
Bit 2 (MSB) 


32 


U§T 


Chip Select 1 


33 


Vdd = Inactive 
Vss = Active 


When both CST and CS2 are. taken to Vss the data at 
the Data and Digit Address inputs are wntten into the 
input latches. On the nsing edge of either Chip Select, the 
data IS decoded and wntten into the output latches. 


5§2 


Chip Select 2 


34 



o 

0) 
01 



OPEN-DRAIN HIGH-VOLTAGE PCHANNEL TRANSISTOR OUTPUTS 



10-30V 
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DEPENDING 

ON 
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Figure 4: ICM7235 Typical DC Vacuum Fluorescent Display Connection 



VACUUM FLUORESCENT DISPLAYS (4 DIGIT) AVAILABLE FROM: 

N.E C. Electronics, Inc. 
Models riP4F8S and FIP5F8S 

CIRCUIT DESCRIPTION 

Each device in the ICM7235 family provides signals for 
directly driving the anode terminals of a four-digit, 7- 
segment non-multiplexed vacuum fluorescent display. The 
outputs are taken from the drains of high-voltage, low- 
leakage P-channel FETs. Each is capable of withstanding 
> -35V with respect to Vdd- 'n addition, the inclusion of an 
ON/OFF input allows the user to disable all segments by 
connecting pin 5 to Vdd; this same input may also be used 
as a brightness control by applying a signal swinging 
between Vdd and Vss and varying its duty cycle. 

The ICM7235 may also be used to drive nonmultiplexed 
common cathode LED displays by connecting each seg- 
ment output to its corresponding display input, and tying the 
common cathode to Vss- Using a power supply of 5V and 
an LED with a fonA^ard drop of 1.7V results in an "ON" 
segment current of about 3mA, enough to provide sufficient 
brightness for displays of up ta 0.3" character height. 

Note that these devices have two Vdd terminals, and 
each should be connected to the positive supply voltage. 
This double connection is necessary to minimize the effects 
of bond wire resistance, which could be a problem due to 
the high display currents. 



Input Configurations and Output Codes 

The standard devices in the iCM7235 family accept a 
four-bit true binary (i.e., positive level = logical one) input at 
pins 27 through 30, least significant bit at pin 27 ascending 
to the most significant bit at pin 30. The ICM7235 and 
ICM7235M decode this binary input into a 7-segment 
alphanumeric hexadecimal output, while the ICM7235A and 
ICM7235AM decode the binary input into the same 7- 
segment output as the ICM7218 "Code B," i.e., 0-9, dash, 
E, H, L, P, blank. These codes are shown explicitly in Table 
1 . Either decoder option will correctly dedode true BCD to a 
7-segment decimal output. 

These devices are actually mask-programmable to pro- 
vide any 16 combinations of the 7-segment outputs de- 
coded from the four input bits. For larger quantity orders, 
(10K pes. minimum) custom decoder options can be 
arranged. Contact your Intersil Sales Office for details. 

The ICM7235 and. ICM7235A devices are intended to 
accept multiplexed binary or BCD output. These devices 
provide four separate Digit select lines (least significant digit 
at pin 31 ascending to most significant digit at pin 34). Each 
Digit Select line when taken to a positive level decodes and 
stores in Its respective output latches the character corre- 
sponding to the data at the input port, pins 27 through 30. 
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S ICM7235 

W 

2 The ICM7235M and 7235AM devices are intended to 
O accept data from a data bus under processor control. 

In these devices, the four data input bits and the 2-bit 
Digit Select code (DM pin 31, DA2 pin 32) are wri tten into 
inpu t buf fer latches when both Chip Select Inputs (CS1 pin 
33, CS2 pin 34) are taken to Vss- On the rising edge of 
either Chip Select input, the content of the data input 
latches is decoded and stored in the output latches of the 
digit selected by the contents of the select code latches. A 
select code of 00 writes into D4, 01 writes into D3, 10 writes 
into D2 and 1 1 writes into D1 . The timing relationships for 
inputting data are shown in Figure 7, and the chip select 
pulse widths and data setup and hold times are specified 
under Operating Characteristics. 
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Figure 5: Test Circuit 
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Figure 6: iVIultiplexed Input Timing Diagram 




Figure 7: IVIicroprocessor Interface input 
Timing Diagram 







TABLE 1: 
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Figure 8: Segment Assignment 
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ICM7243 

8-Character LED 
juP-Compatible Display Driver 




5 

•4 



GENERAL DESCRIPTION 

The ICM7243 is an 8-character alphanumeric display 
driver and controller which provides all the circuitry required 
to interface a microprocessor or digital system to a 1 4- or 
16-segment display. It Is primarily intended for use in 
microprocessor systems, where it minimizes hardware and 
software overhead. Incorporated on-chip are a 64-character 
ASCII decoder, 8x6 memory, high power character and 
segment drivers, and the multiplex scan circuitry. 

Six-bit ASCII data to be displayed is written into the 
memory directly from the microprocessor data bus. Data 
location depends upon the selection of either Serial 
(MODE = 1) or Random (MODE = 0). In the Serial Access 
mode the first entry is stored In the lowest location and 
displayed in the "left-most" character position. Each subse- 
quent entry is automatically stored in the next higher 
location and displayed to the immediate "right" of the 
previous entry. A DISPlay FULL signal is provi ded afte r 8 
entries; this signal can be used for cascading. A CLeaR pin 
is provided to clear the memory and reset the location 
counter. The Random Access mode allows the processor 
to select the memory address and display digit for each 
input word. 

The character multiplex scan runs whenever data is not 
being entered. It scans the memory and CHARacter drivers, 
and ensures that the decoding from memory to display is 
done in the proper sequence. Intercharacter blanking is 
provided to avoid display ghosting. 



FEATURES 

• 14- and 16-Segment Fonts With Decimal Point 

• Mask Programmable For Other Font-Sets Up to 
64 Characters < 

• Microprocessor Compatible 

• Directly DHves Small Common Cathode Displays 

• Cascadable Without Additional Hardware 

• Standby Feature Turns Display Off; Puts Chip in 
Low Power Mode 

• Serial Entry or Random Entry of Data Into 
Display 

• Single +5V Operation 

• Chai'acter and Segment Drivers, All MUX Scan 
Circuitry, 8x6 Static Memory and 64-Character 
ASCII Font Generator Included On-Chip 

ORDERING INFORMATION 



PART 
NUMBER 


TEMPERATURE 
RANGE 


PACKAGE 


ICM7243AIJL 


-20°C to +a5°c 


CERDIP 


ICM7243BIJL 


-20°C to +85°C 


CERDIP 


ICM7243B EV/KIT 






ICiyi7243BIPL 


-20°C to +85°C 


PLASTIC 


ICM7243B/D 
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DICE 


ICM7243BCPL 


0°G to +70''C 
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nn 
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il|M00E 


oiQi 


ICM7243A 


MJAoOEN 


**»E 


ICM72438 


51ao««i 


OjQI 






04(12 




U Ai/«S 


0,(« 




m| A3«ISPFUi.L 


Osfis 




§A»rt)«PRILL 


o.!u 






cs{u 




StJosc/off 


cOs 




m)chari 


cs(« 




5|CHAR1 


csOs 




^CHAR2 


csji; 




SJ CHAR2 


wiiOl 




m] CHAR 3 


m^ 




M|cHAfr3 


CHARt(« 




^CHAft4 


CHARSJlS 




H|c»tAR4 


CHAIIT^ 




il^w 


CHART (» 




»] vss 


CHAlie^ 




2l] CHARS 


CHAR«^ 




^ CHARS 




TOP VIEW 






TOP View 




CD026011 


CD02611I ', 


Figure 1: 


Pin Configurations 
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ICM7243 

abs6l:ute Maximum (ratings 



Supply Voltage (Vqd-Vss) 6V 

CHARacter Output Current 300mA 

SEGment Output Current ,t...30mA 

Input Voltage (Any Terminal) (Vdd + 0-3V) to (Vss-0-3V) 
Power Dissipation 1W 

Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any otl;ier condition^ above those indicated In the operational sections of the specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 



Operating Temperature Range (I) ..-25°C to +85°C 

(C) 0^*0 to 70°C 

Storage Temperature Range -.$5°C to +125°C 

Lead Temperature (Soldering, 10sec) 300X 
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Figure 2: Functional Diagram 



DC ELECTRICAL CHARACTERISTICS (Vdd = 5V, Vss = OV. Ta = 25°C unless othen^lse stated) 




SYMBOL 


PARAMETER 


TEST CONDITIONS 


LIMITS 


UNIT 


MIN 


TYP 


MAX 


VSUPP 


Supply Voltage (Vdd -Vss) 




4.75 


5.0 


5.25 


V 


IDD 


Operating Supply Current 


VSUPP = 5.25V, 10 Segments ON. All 8 Characters 




180 




mA 


ISTBY 


Quiescent Supply Current 


VsUPP = 5.25V. OSC/OFF Pin < 0.5V, CS = Vss 




30 


250 


mA 


ViH 


Input High Voltage 




2 






V 


V|L 


Input Low Voltage 








0.8 


V 


l|N 


Input Current 




-10 




+ 10 


HA 


'char 


CHARacter Drive Current 


VsuPP = 5V, VoUT=1V 


140 


190 




mA 


•CHLK 


CHARacter Leakage Current 








100 


ma 


ISEG 


SEGment Drive Current 


VsuPP = 5V, VoUT = 2.5V 


14 


19 




mA 
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DC ELECTRICAL CHARACTERISTICS (CONT.) 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


LIMITS 


UNIT 


MIN 


TYP 


MAX 


ISLK 


SEGment Leakage Current 






0.01 


10 


mA 


Vol 


Display FULL Output Low 


IOL = 1-6mA 






0.4 


V 


VOH 


Display FULL Output High 


I|H = 100mA 


2.4 






V 


fds 


Display Scan Rate 






400 




Hz 



10 

1^ 



AC ELECTRICAL CHARACTERISTICS (Drive levels 0.4V and 2.4V. timing measured at 0.8V and 2.0V. 
Vdd = 5V, Ta = 25*'C unless otherwise stated). 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


tWPI 


WR, CLeaR Pulse Width Low 




250 






ns 


tWPH 


WR, CLeaR Pulse Width High (Note 1) 




250 






tDH 


Data Hold Time 







-100 




tDS 


Data Setup Time 




250 


150 




tAH 


Address Hold Time 




125 






tAS 


Address Setup Time 




40 


15 




tea 


CS, CS Setup Time 











tT 


Pulse Transition Time 








100 


tSEN 


SEN Setup Time 







-25 




tWDF 


Display Full Delay 




600 


480 





CAPACITANCE 



SYMBOL 


TEST 


MIN 


TYP 


MAX 


UNIT 


C|N 


input Capacitance (Note 2) 




5 




PF 


Co 


Output Capacitance (Note 2) 




5 




PF 



*Not tested (Guaranteed) 
NOTES: 1 . In Serial mode WM high must be > Tsen + Twdf 
2. For design reference only, not 100% tested. 

TYPICAL PERFORMANCE CHARACTERISTICS 

SEGment Current vs Output Voltage 
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CO 
01 

S ICM7243A/B DISPLAY FONT AND SEGMENT ASSIGNMENTS 

jj Note: Some display manufacturers use different designations for some of the segments. Check data sheets carefully 
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Figure 3: ICM7243A 16-Segment 
Character Font with Decimal Point 
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NOTE: Segments a and d appear as 2 segments each, but both 
halves are driven together. 

Figure 4: ICM7243B 14-Segment 
Character Font with Decimal Point 
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Figure 5: Segment and Character 
Drivers Output Circuit 
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Figure 6: Random Access Timing 
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Figure 7: Serial Access Mode Timing (Mode =1) 
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TABLE 1: PIN DESCRIPl 


nONS, ICM7243AfS; 




SIGNAL 


PIN 


FUNCTION 


D0-D5 


10-15 
(8-13) 


Six-Bit ASCII Data input pins (active high). 


cs, cs 


16 
(14-16) 


Chip Select for decoding from juP address bus, etc. 


WR 


17 


WRite pulse input pin (active low). For_an active high write pulse, CS can 
be used, and WR can be used as CS. 


MODE ^ 


31 


Selects data entry MODE. High selects Serial Access (SA) mode where 
first entry is displayed in "leftmost" chjaracter and subsequent entnes 
appear to the "nght". Low selects the Random Access (RA) mode 
where data is displayed on the character addressed via Aq - A2 Address 
pins. 


Aq/SEN 


30 


In RA mode it is the LSB of the character Address. In SA mode it is used 
for cascading display driver/controllers for displays of more than 8 
characters (active high enables driver controller). 


Ai/CLeaR 


29 


In RA mode this is the second bit of the address. In SA mode, a low input 
will CLeaR the Senal Address Counter, the Data Memory and the display 


A2/DISPIay FULL 


28 


In RA mode this is the MSB of the Address. In SA mode, the output goes 
high after eight entnes, indicating DISPlay FULL 


OSC/OFF 


27 


oscillator input pin. Adding capacitance to Vdd will lower the internal 
oscillator frequency. An external oscillator 1^ also applied to this pin. A low 
puts the display controller/driver into a quiescent mode, shutting OFF the 
display and oscillator but retaining data stored in memory. 


SEGa-SEGm, DP. 


2-9 (7), 
32-40 


SEGment driver outputs. 


CHARacter 1 - 8 


18-21, 
23-26 


CHARacter driver outputs. 
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Figure 8: Test Circuit 



DETAILED DESCRIPTION 

WR, CS, CS. These pins are immediately functionally 
ANDed, so all actions described as occurring on an edge of 
WR, with CS and CS enabled, will occur on the equivalent 
(last) enabling or (first) disabling edge of any of these 
inputs. The delay s fro m CS pins are slightly (about 5ns) 
greater than from WR or CS due to the additional Inverter 
required on the former. 

MOPE. The MODE pin input is latched on the falling edge 
of WR (or its equivalent, see above). The location in Data 
Memory where incoming data will be placed is determined 
either from the Address pins or the Serial Address Counter, 
under control of this l atch, which also controls the function 
of Aq/SEN, Ai/CLR, and Aa/DISPlay FULL. 

Random Access Mode. When the internal mode latch is 
set for Random Access (RA) (MODE latched low), the 
Address input on Aq, Ai and A2 will be latched by the falling 



edge of WR (or its equivalent). Subsequent changes on the 
Address lines will not affect device operation. This allows 
use of a multiplexed 6-bit bus controlling both address and 
data, with timing controlled by WR. 

Serial Access Mode, if the internal latch is set for Serial 
Access (SA), (MODE latched high), the Serial ENable input 
on SEN will be latched on the falling edge of WR (or its 
equivalent). The CLR input is asynchronous, and will force- 
clear the Serial Address Counter to address 000 (CHARac- 
ter 1), and set all Data Memory contents to 100000 (blank) 
at any time. The DISPlay FULL output is always active in SA 
mode also, and indicates the overflow status of the Serial 
Address Counter. If this output is low, and SEN is (latched 
as) high, the contents of the Counter will be used to 
establish the Data Memory location for the Data input. The 
Counter is then incremented on the rising edge of WR. If 
SEN is low, or DISPlay FULL is high, no action will occur. 
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This allows easy "daisy-chaining" of display drivers for 
multiple character displays in a Serial Access mode. 

Changing Modes. Care must be exercised in any appli- 
cation involving changing from one mode to another. The 
change will occur only on a falling edge of Wr (or its 
equivalent). When changing mode from Serial Access to 
Random Access, note that Aa/DISPlay FULL will be an 
output until WR has fallen low, and an Address drive here 
could cause a conflict. Wh en ch anging from Bandom 
Access to Serial Access, Ai /CLR should be high to avoid 
inadvertent clearing of the Data Mernory and Serial Address 
Counter. DISPlay FULL will_ become active immediately 
after the falling edge of WR. 

Data Entry. The input Data is latched on the rising edge 
of WR (or its equivalent) and then stored in the Data 
Memory location determined as described above. The six 
Data bits can b^ multiplexed with the Address information 
on the same lines in Random Access mode. Timing is 
controlled by the WR input. 

OSC/OFF. The device includes a one-pin relaxation 
oscillator with an internal capacitor and a nominal frequency 
of 20 0kHz . By adding external capacitance to Vqd at the 
OSC/OFF pin, this frequency can be reduced as far as 
desired. Alternatively, an external signal can be injected on 
this pin. The oscillator (or external) frequency is pre-divided 
by 64, and then further divided by 8 in the Multiplex Counter, 
to drive the CHARacter strobe lines (see Display Output). 
An intercharacter blanking signal is derived fro m the pre- 
divider. An additional comparator on the OSC/OFF input 

APPLICATIONS 



detects a level lower than the relaxation oscillator's range, 
and blanks the display, disables the DISPlay FULL output (if 
active), and clears the pre-dlvider and Mutliplex Counter. 
This puts the circuit in a low-power-dissipation mode in 
which all outputs are effectively open circuits, except for 
parasitic diodes to the supply lines. Thus a display connect- 
ed to the output may be driven by another circuit (including 
another ICM7243) without driver conflicts. 

Display Output. The address output of the Multiplex 
Counter is multiplexed into the address input of the Data 
Memory, except during WR operations (In Serial Access 
mode, with SEN high and DISPlay FULL low), to control 
display operations, The address decoder also driyes the 
CHARapter outputs, except during tbe inter-character 
blanking interval (nominally about 5jlis). Eaph CKARacter 
output lasts nominally about SOOjus, and is repeated nomi- 
nally every 2.5ms, i.e., at a 400Hz rate (times are based on 
internal oscillator without external capacitor). 

The 6 bits read from the Data Memory are decoded in the 
ROM to the 17 (15 for ICM7243B) segment signals, which 
drive the SEGment outputs. Both CHARacter and SEGment 
outputs are disabled during WR operations (with SEN high 
and DISPlay FULL Low for Serial Access mode). The 
outputs may also be disabled by pulling OSC/OFF tow. 

The decode pattern from 6 bits to 17 (15) segments is 
done by a ROM pattern according to the ASCII font shown. 
Custom decode patterns can be arranged, within these 
limitations, by consultation with the factory. 
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Figure 9: Muiticliaracter Display using Serial Access Mode 
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APPLICATIONS (CONT.) 
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Figure 10: Driving Two Rows of Characters from a Serial Input. 

UART converts data stream to parallel bytes. Bit 7 of each word sets which row data will be entered 
into. Bit 8 will blank and reset whole display if low. Each MODE pin should be tied high. ICM7243A 
can also be used, with inverter on RBR7 for one row. 



COMPONENT SELECTION 

Displays suitable for use with the ICM7243 may be 
obtained from the following manufacturers; among others: 

Hewlett Packard Components, Palo Alto, California (415) 
857-6620 (part #HDSP6508. HDSP6300) 

General Instruments Inc., Palo Alto, California (415) 493- 
0400 (part #MAN2815) 



Texas Instruments Inc., Dallas, Texas (214) 995-6611 
(part #HDSP6508) 

A.N.D., Burlingame, California (415) 347-9916 (part 
#AND370R) 

lEE Inc., Van Nuys, California (213) 787-0311 (part 
#LR3784R) 
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Figure 11: Random Access 32-Character Display in IM80C48 system. 

One port line controls A2, other two are CS lines. 8-bit data bus drives 6 data and 2 address lines. 
MODE should be GrouNDed on each part. 
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Figure 12: Driving Large Displays. 

The circuits of Figures 12a and 12b can be used to drive 0.5" or larger alphanumeric displays, either common cathode (12a) or common anode (12b). 
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ICM7280 

Dot Matrix LCD 



2 Controller/Row Driver 




GENERAL DESCRIPTION 

The iCM728D is designed to provide a complete micro- 
processor interface for an 80-character alphanumeric LCD 
display system. It includes a character generator, display 
voltage generator and resistor string, row drivers, and 
control circuitry. Interface to a host microprocessor is 
achieved through either a multiplexed or non-multiplexed 
parallel bus. 

The ICM7280 is designed to offload ail display-related 
tasks from the host microprocessor and to provide an easy- 
to-program software interface. Since the interna! circuitry 
operates at full microprocessor speeds, there is no waiting 
for completion of internal operations. Testing of a "Busy" 
flag, when characters or commands are written, is not 
required. 

Character data can be loaded with an auto-incremented 
cursor or in a random-access mode. Versatile control 
functions allow ail or selected portions of the display to be 
underlined, blinked, blanked, or displayed in reverse video. 
Display start offset and power-down features are provided, 
and both an underline and a blinking-box cursor are 
available. 

The ICM7280 can display four user-defined characters in 
addition to the standard 96 ASCII upper and lower-case 
characters and 14 European and graphics characters. 



ORDERING INFORMATION 


PART 
NUMBER 


TEMPERATURE 
RANGE 


PACKAGE 


ICM7280AiPL 


-40X to +85X 


40-Pln Plastic DIP 


ICM7280AIJL 


-40X to +85X 


40-Pin CERDIP 


ICM7280A/D 


— 


DIE 


ICM7280BIPL 


-40*'C to +85X 


40-Pin Plastic DIP 


ICM7280BIJL 


-40*'C to +85X 


40-Pin CERDIP 


ICM7280B/D 


— 


DIE 



FEATURES 

• 80 Character Wide Display Memory 
-Directly Drives. 10 ICM7281 Column Drivers 

• High Speed n? interface 
-ICM7280A: Intel, Zilog Compatible 
-ICM7280B: Motorola, Rocltweli Compatible 

• 120 Character Font With Multiple Attributes 
-Underline, Cursor, Blinking, Reverse 

• 4 User Definable Characters 

• Versatile Character Font Matrix 

-5 or 6 Columns By 7 to 10 Rows 

• High Speed internal Architecture 
-No Busy Flag Needed 

APPLICATIONS 

• Battery Hand-Held Terminals 

• Portable Computers 

® Instrument Control Panels 

• LCD Display Modules 
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PART 

# 
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29 
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30 
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31 
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WR 
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Figure 1: Pin Configuration 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltage (Vdd - Vss) +6.5V 

Display Voltage (Vdd - Vdisp) + 12V 

Input Voltage Vss-0.5V to Vdd + 0.5V 

Power Dissipation 500mW @ 70°C 

Note: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. 
Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 
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Operating Temperature Range ., -40°C to +85°C 

Storage Temperature Range... -55°C to +125°C 

Lead Temperature (Soldering, 10sec) 300X 
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ELECTRICAL CHARACTERISTICS 
AC CHARACTERISTICS 

(Vdd = 5.0V±10%, Ta= -40 to +85°C, Vdisp = Vdd -8V, Vss = OV, unless otherwise specified.) 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


l|L 


Input Leakage 


Address/ Data pins high impedance 
< V|N < Vdd 


-10 




+ 10 


mA 


iss 


Supply Current 


Osc open ckt, V|l = OV, V|h = Vdd 






2.5 


mA 


ISTBY 


Shutdown Current 


V|L = OV, V,h = Vdd 






100 


mA 


VSUPP 


Operating Voltage Range 




4.5 




5.5 


V 


bsc 


Osc. Frequency 


Osc. open ckt. 


0.2 




1.0 


MHz 


Serial Outputs 


Vol 


Output Voltage, Low 


IOL= 1mA 






1.0 


V 
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S ICM7280 

S ELECTRICAL CHARACTERISTICS (CONT.) 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


VOH 


Output Voltage, High 


lOH = 1 mA . 


Vdd-10 






V 


Data I/O, mP interface Inputs 


Vol 


Output Voltage, Low 


!0L = 1-6mA 






0.4 


V 


VoH 


Output Voltage, High 


IOH = 400fiA 


2.4 






V 


V|L 


Input Voltage, Low 








0.8 


V 


V|H 


Input Voltage, High 




3.0 






V 


Row Driver Outputs 


Ron 


Output Resistance, ON 


DCONT high, Vo = Vdisp + 0.5V 
DcONT low. Vo = -0.5V 






1 


ka 


ROFF 


Output Resistance, OFF 


DcONThigh, Vo = V4±.5V 
DcONT low, Vo = Vi±0.5V 






2.5 


ka 


Vi 




DcONT high 


-1.5 


-1.0 


0.5 


V 


V2. V3 






0.5 


1.0 


1.0 


V 


V4 




DcONT low 


2.5 


3.0 


3.5 


V 



AC CHARACTERISTICS (See Timing Diagram) 

(Vdd = 5.0V±10%, Vdisp = 0V, Vss = OV, Ta=-40 to +85°C, Cl=150pF, unless otherwise specified.) 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


, UNIT 


Serial Output Timing { 


Tscdl 


Prop. Delay Sqlk to 
Dlat 








200 


ns 


Tscdo 


Prop Delay Sclk to 
Dqut 








400 


ns 


Microprocessor Interface { 


Tll 


AI^E/AS Pulse Width, 
High 




55 






ns 


Tal 


Address to ALE Setup 
time 




30 






ns 


T|a 


Address to ALE Hold 
Time 




30 






ns 


Intel/Zilog Option (ICM7280A) | 


Tad 


Address Setup Time 




50 






ns 


Tah 


Address Hold Time 




30 






ns 


TwI 


WRITE Pulse Width, . 
Low 




100 






ns 


Tdw 


Data to WRITE Setup 
Time 




150 






ns 


Twd 


Data to WRITE Hold 
Time 




30 






ns 


Trd 


READ to Valid Data 








550 


ns 


Trx 


READ to Data Hold 
Time 








150 


ns 


Tasd 


ALE Setup Time 




60 






ns 


Motorola/Rockwell Option (ICM7280B) 


Tad 


Address to E Setup 
Time 




50 






ns 


Tah 


Address to E Hold 
Time 




30 






ns 
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ICM7280 

AC CHARACTERISTICS (See Timing Diagram) (CONT.) 



o 

10 

00 



SYMBOL 



PARAMETER 



TEST CONDITIONS 



MIN 



TYP 



MAX 



UNIT 



E Pulse Width, High 



200 



Tdw 



Data to E Setup Time 



100 



Twd 



Data to E Hold Time 



30 



E to Valid Data 



Tee = 400ns 



550 



E to Data Hold Time 



150 



'asd 



E to AS Setup Time 



60 



WRITE CYCLE TIMING (RD = "1") 



C5 



V//////////^ V///////////////////////////// V///, 



Tal-* 






D0-D7, / 



T8l<« 



T|8 



Tia 



WR 



Tdw 



-Tad- 



-^ Tasd- 



-" y////////y//;>> c^> C'/////////i t^^ /^//////////////M 



\ / 



-Twl-^ 



Twd 



READ CYCLE TIMING (WR = "1") 



Tal-H 



€S 



ALE 



'////////////». . 



K 



<-T||- 



y 



-»"Tal^: 



N. 



(-•-Tia 



/////////////////////////////// V. 



Ti. 



— " y////////////y r^ xy////////M -^^ ^//////////////^, 



Trd- 



« Tad- 



^ Ta$d- 




-Tcyc- 



Figure 3: ICi^7280A Timing Diagrams (Multiplexed Operation) 
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M 



WRITE CYCLE TIMING (RD = "1") (ALE = "1") 



CS 



N 



WR 



r 






-Tah 



-Tad- 






H^TwH 



-Twd-^ 



READ CYCLE TIMING (WR = "1") 



CS 



N 



^^ y///////////^ ' 



RD 



r 



ADDRESS VALID 



T.h 



^> t^////////////////A 



-" y/////////////Z^///////////A C^^y <y//////////////M 



-Tad- 



Trd^ 



^_^ 



Trx 



Figure 4: ICM7280A Timing Diagrams (Non-Multiplexed (Dperation) 



8-58 
Note: All typical values have been guaranteed by charactenzation and are not tested. 



ICM7280 



WRITE CYCLE TIMING (AS = "1") 



CS 



^ 



A0-A6 



v////y//////M 



DO-07 



R/W, 



v///////////^ . 



X 



Tall 



ADDRESS VALID 



y/////////////: ^^ ////////////M 



\ (y/////////////z 



DATA 



Tdw 



-Tad- 



:HIiI>. 



Twd 



///////////////////A 



READ CYCLE TIMING (AS = "1") 



CS 



X 



y///////////;/ . 



D0-D7 



■«. '/////////////// 



r 



ADDRESS VALID 



W///////////^///////////////M 



Trd 



-Tad- 



-Tah 



DATA 






^''"X 



Tee-i^ 



Trx 



\!//y///////////////A 

WF03180I 

Figure 5: 101^72808 Timing Diagrams (Non-Multiplexed Operation] 



10 

o 
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o 

00 
01 



ICM7280 



WRITE CYCLE TIMING 



CS 



'/////////////>. 



T.I -r 



AS 



-T||-#^ 



/■ ^^> 



— •^///////////M '^> (mm9> C^:;r W////////////////. 



R/W 



W////////^ . 



T,| 



Tia 



//////^/////////////////^////// V 



^Tta- 



Tdw- 



-Tasd- 



-Tad- 



y — ^\ 



-Tee-n^ 



Twd|-*— 



/////////////////// ////////////////Z7y 



READ CYCLE TIMING 



CS 



AS 



w//////ia 



1 



y' 



-Tll-^ 



T.|-^ 



...,,„.„ v///////////^ -^; cy/////////> ir^^r Y^////////////////. 



R/W, 



X 



-Tia 



/////////////////////////////// '^ 



Trd 



-Tad H 



-Taad- 



Trx 



■ eye- 



W//////////// '< C^////////////////////////////////////A 



Figure 6: ICM7280B Timing Diagrams (Multiplexed Operation) 



8-60 
Note: A!! typical values have been guaranteed by charactenzatlon and are not tested. 



ICM7280 



•4 
10 
00 

o 



SCLK 



DOUT 



dlat 



/' n^ 



Tscdo 



I. 



Tscdl 



J 



Tscdo 



1 



/ 



n 



Tscdl 



v 



Figure 7: ICM7280 Serial Output Timing Diagram 





Table 1: 


Pin Descriptions 


SIGNAL 


PIN 


DESCRIPTION 


ROW10-1 


1-10 


LCD row drivers 


DoUT 


11 


Serial data 


Vdisp 


12 


Negative LCD supply voltage 


V2, V3 


13, 14 


LCD column voltage 


DCONT, 


15 


Column driver control output 


ScLK 


16 


Senal data clock output 


Dlat 


17 


Row data latch output 


V|NV 


18 


Negative voltage generator 
clock 


osc 


19 


Oscillator input 


Vss 


20 


Digital ground 


D0-D7 


28-21 


Data I/O 


RD(7280A) 
E(7280B) 


29 
29 


Read input 
Enable input 


WR(7280A) 
R/WR(7280B) 


30 
30 


Write input 
Read/write input 


ALE(7280A) 
AS(7280B) 


31 
31 


Address latch enable 
Address strobe 


n§ 


32 


Chip select input 


A0-A6 


39-33 


Address Inputs 


Vdd 


40 


Positive digital and LCD supply 
voltage 



DETAILED DESCRIPTION 
Hardware Interface 

Figure 1 is a simplified block diagram of the ICM7280. It is 
a dedicated hardware IC and the speed of data entry and 
command processing is limited only by gate delays. Unlike 
other display controllers, the ICM7280 will not "go busy" for 
milliseconds at a time while processing data or commands. 



Microprocessor Bus Interface 

. There are two versions of the ICM7280._The ICM7280A 
has WR and RD pins, as well as ALE and OS. This version 
can be interfaced to standard multiplexed or non-multi- 
plexed data buses of parts such as the 8085, Z80, 8088 and 
other microprocessors. The ICM7280B has R/W, E and AS 
pins instead of WR and RD and ALE. The ICM7280B Is 
intended for use on 6800 and 6500 family buses. 

To use the ICM7280 on a multiplexed bus, tie the A0-A6 
lines to the D0-D6 lines and ALE/AS driven with the system 
address latch enable or strobe signal. For a non-multiplexed 
bus, A0-A6 should be connected to the least significant 
address lines, D0-D7 connected to the data bus and ALE/ 
AS tied high. The only external circuitry needed is a chip 
select or address decoder. The ICM7280 uses an address 
space of 128 bytes. 

ICM7281 Data Interface 

The ICM7280 Row Drivers require ICM7281 Column 
Drivers to operate an LCD display. Three lines are used to 
load data serially into the ICM7281 column drivers, Dqut. 
ScLK. and DlaT- The data is latched and shifted with each 
negative going edge of Sclk. anci the data is transferred 
from the ICM7281 shift register to its latches with the 
negative going edge of Dlat- The frequency of the Sclk 's 
set by the oscillator frequency of the ICM7280 and is 
normally about 600kHz. 

Oscillator 

The ICM7280 oscillator will free run at 600kHz in die 
form, when not loaded with any capacitance. With 1 5pF of 
external capacitance at pin 19, the frequency will be about 
250kHz. Figure 8 shows the relationship between oscillator 
period and the value of Cexternal- Table 1 shows the 
relationship between the oscillator frequency and various 
display system signals and features. Standard CMOS logic 
gates can be used to overdrive the oscillator to control 
frequency. A suitable frequency can also be derived by 
dividing down the host processor's clock. 
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ICMt2i6 



Tabl^ 2: iCM7280 Display System Frequencies 



SIGNAL NAME 


FREQUENCY 


COMMENTS 


SCLK 


osc 


Sets data transfer rate to ICM7281 cblumn drivers 


Dlat 

Display Control 


OSC/M 
OSC/M 


Once per row multiples period. 


LCD Multiplex Freq. 


0SC/(NxMx2) 


Should be above 30Hz to avoid flicker. 


Blink Rate 


OSC/(NxMx64) 


Blink rate for blinking cursor and blinking characters 


V|NV 


OSC 


AC waveform for generating a negative voltage for VpisP 



NOTES: Where N = number of rows - 7, 8, 9, or 10. 

M = 80 X number of columns (5 or 6) per character. Add 1 4 if annunciators enabled. 

Table 3: ICM7280 Memory Map 



ADDRESS 


FUNCTION 


DECIMAL 


HEX 


0-79 


00H-4FH 


Character RAM. Loaded with ASCII data characters to be 
displayed. Address is the leftmost character (assuming the 
Preset Display Position Register is 0.) 


80^119 


50H.77H 


Font RAM. Holds bit pattern for four user-definable characters. See 
Table 4. 


120 


78H 


instruction register (IRO) 


121 


79H 


Instruction register 1 (IR1) 


V 122 


7AH 


Instruction register 2 (IR2) 


123 


7BH 


Cursor Register (IR3) 


124 


7CH 


Preset Display Position Register (IR4) 


125 


7DH 


Annunciator Register 1 (AR1) 


126 


7EH 


Annunciator Register 2 (AR2) 


127 


7FH 


Cursor-Addressed Entry Register 



NOTE: See Table 6 for more detail about addresses 120-127 (78H-7FH). 
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DsciHator Period and Cexternal- 
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Display Interface 

The ICM7280 will support a dot matrix LCD display which 
has 7, 8, 9, or 10 rows, and either evenly-spaced columns 
or a space after every fifth column. If the display has evenly- 
spaced columns, then 6 columns per character should be 
selected and the sixth column is always blank. If the display 
provides a blank after every fifth column, then 5 columns 
per character should be selected. The character font is 
automatically changed to take advantage of all rows. The 
ICM7280 will automatically use one of the 6 evenly-spaced 
columns for a space. 

The ICM7280 can drive LCD displays with threshold 
voltages up to 2.5 volts. There is no minimum display 
threshold voltage since Vqisp can be above Vss- 

The ICM7280 also has 10 onboard row drivers designed 
to handle large dot matrix displays. These drivers provide 
fast slew rates, and have a minimum offset voltage. 



8-62 



Note: All typical values have been guaranteed by characterization and are not tested. 



ICM7280 



ii\too(-^sv) 



lev 

TANT 



4.3K 



40 



ICM7280 



VlHV 



T 



100 /(A 



50K^ ^ 10-TUMl 
TRIMNtT 

2112607 



«kMSf» ADJUST 



Ri 

4 W\ — *■ 



'i 



100K 
ii914 



0.1mF 



R2 




1.SM 



^R4 

>10K 




2113906 



Di 
IN914 



^ 



10K 



/ 



2113904 



16V JL02 C2 

TA«T ^111914 4= 6.8m 



S.8mF 
16V 
TANT 



TO 
iCM7281 

COLUMN 
DRIVER 



^D - Vbisp = VbF Bi + A Vdf52 - |,R4 ASSUMING El-Bi 
Ri Ri R2'"R3 



Figure 9: ICM7280 VpisP Temperature Compensation Circuit 



10 

s 



Display Voltage Generator 

The ICM7280 not only has an onboard resistor string to 
generate the required V-j, V2, V3, g^nd V4, but also has an 
output that assists in generating a negative voltage for 
Vdisp- The V|Nv pin is a low-impedance output that swings 
from Vdd to Vss at the oscillator frequency. The circuit of 
Figure 9 connected to the Vjnv Pin generates a tempera- 
ture-compensated Vdisp- Diodes D-i and D2, with capaci- 
tors Ci and C2 form a charge-pump negative voltage 
generator. The ICL761 1 CMOS op-amp and Its associated 
circuitry form an adjustable temperature compensated volt- 
age source that provides VpisP to the ICM7280, as well as 
the ICM7281 column drivers. Temperature compensation 
for Vdisp 's necessary because the threshold voltage of 
LCD fluids have a pronounced negative tempco. 

SOFTWARE INTERFACE 

Table 3 provides a memory map of the ICM7280. The 
ICM7280 uses 128 bytes of memory space: 80 bytes for 
character data storage, 2 bytes for 14 independent annunci- 



ators or flags, 40 bytes for storing 4 user-programmable 
characters, 5 bytes for control registers, and one dummy 
address to Identify cursor-addressed character entry. 

Character RAM 

Data may be entered in a random-access mode by simply 
writing to the desired character address. Address corre- 
sponds to the leftmost character of the display, and address 
79 corresponds to the rightmost character (assuming the 
Preset Display Position register has been loaded with a 0). 
Block moves or other high-speed data transfers can be 
used to move data from the host system's RAM or ROM to 
the ICM7280's character RAM. Character data format is 
standard ASCII for the 96 upper and lower case characters, 
with the eighth data bit ignored. As shown In Figure 1 0, the 
ICM7280 Character Font Table, the display controller also 
recognizes three special control characters and 1 4 addition- 
al European and graphics characters. The characters 08 
through 17 are alternate lower case characters that are 
used with 8, 9, and 10 row displays. 
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I ICM7280 



107 010 Oil 012 013 014 015 016 017 



00 00 01 01 02 02 03 03 04 04 05 OS 06 06 07 07 08 08 09 09 OA 10 08 11 IH: 12 00 13 OE 14 OF 15 
m 021 022 023 024 OM OK 027 030 031 032 033 034 OM 036 037 



II 



10 16 11 17 12 18 13 19 14 20 15 21 16 22 17 • 23 18 24 19 25 1A 26 18 27 1C 28 ID 29 IE 30 IF 31 
041 042 043 044 m 046 047 OSO Ml 052 053 054 MS M6 M7 



■ 



3322 3423 35 24 3625 37 26 3827 3928 4029 41 2A 42 28 432C 44 20 45 2E 46 2F 

067 070 071 072 073 074 075 076 077 



30 48 31 
100 101 



863 064 065 

III 



I 



;■;;; 



49 32 50 33 51 34 52 35 S3 36 54 37 55 38 56 39 57 3A 58 38 59 3C 60 30 61 3E 62 3F 
102 103 104 1M 1M 107 110 111 112 113 114 115 116 117 



40 64 41 65 42 66 43 67 44 68 45 ,69 46 70 47 71 48 72 49 73 4A ,74 48 75 4C 76 40 77 4E 78 4F 
120 121 122 123 124 m 126 127 130 131 132 133 



SO 80 51 
140 141 



III 



135 136 137 



81 52 82 S3 83 54 84 55 85 56 86 57 87 58 88 59 89 5A 90 58 91 SC 92 SO 93 5E 94 SF 
142 143 144 va 146 147 150 151 152 153 154 155 156 157 






160 161 



97 62 98 63 99 64 1M 65 101 66 102 67 103 68 104 69 105 6A 1M 68 107 6C 108 60 109 6E 110 6F 
. 162 163 164 '65 166 167 170 171 172 173 174 175 176 177 



II 



m 



1 



113 72, 114 73 115 74 116 75 117 76 118 77 119 78 120 79 121 7A 122 78 123 7C 124 70 125 7E 126. 7F 

OCTAL 



HEX DECIMAL 



KEY 

Figure 10: ICM7280 Character Font 
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Table 4: Font RAM for User-Definable Characters 



ROW 


ASCII CHARACTER 
FONT ADDRESS 


ASCII CHARACTER 1 
FONT ADDRESS 


ASCII CHARACTER 2 
FONT ADDRESS 


ASCII CHARACTER 3 
FONT ADDRESS 


Decimal 


Hex 


Decimal 


Hex 


Decimal 


Hex 


Decimal 


Hex 


Row 1 (top row) 


80 


50H 


90 


5AH 


100 


64H 


110 


6EH 


Row 7 


86 


56H 


96 


60H 


106 


6AH 


116 


74H 


Row 10 (bottom row) 


89 


59H 


99 


63H 


109 


6DH 


119 


77H 



Font RAM 

In addition to the 120 characters available in the built-in 
character ROM, 4 characters may be user-defined. Table 4 
shows the mapping between the Font RAM and the user- 
defined character font. An example of an additional charac- 
ter is provided in Figure 1 1 . Note that addresses 80-1 1 9 
(50H-77H) hold 5 bit words that correspond to the bit 
pattern of the four user-definable characters, such that 
each 5 bit word defines the pattern for one row of the 
character. The LSB corresponds to the right-hand dot. Each 
character, uses 10 words, with the lowest address repre- 
senting the top row. Once defined, these characters are 
treated the same as the predefined characters from the 
Font ROM. Enter ASCII data 0, 1, 2, or 3 into Character 
RAM to call up one of those characters. 




Figure 11: An Exannple of a User-Defined 
Character 



Instruction and Annunciator Registers 

Table 5 details the bit assignments of the control 
registers. All registers are write-only registers. 

Attributes are enabled by bit 5 of Instruction Register IR2, 
at address 122 (7AH). Blinking, underlined, and reverse 
video characters are controlled by attribute characters in 
the character RAM. These attribute characters are dis- 
played as blanks, but signal the ICM7280 that the charac- 
ters to the right of the attribute character are to be displayed 
with one of the three attributes (5 = underline, 6 = reverse 
video, and 7 = blinking). Each attribute is cancelled by a 
second occurence of the attribute character. The entire 
display can be blinked or blanked by setting the appropriate 
bits in IRO. 



Table 5: ASCII Character Example 





Font Address 


Data 




Row 


Decimal Hex 


Decimal 


Hex 


1 


80 50H 


5 


05H 


2 


81 51H 


14 


OEH 


3 


82 52H 


21 


15H 


4 


83 53H 


14 


OEH 


5 


84 54H 


21 


15H 


6 


85 55H 


14 


OEH 


7 


86 56H 


21 


15H 


8 


87 57H 


4 


04H 


9 


88 58H 


4 


04H 


10 


89 59H 


14 


OEH 



The starting point of the display can be offset by 
changing the value stored in IR4, the Preset Display 
Position Register, at address 124 (7CH). The number in this 
register (usually 0) specifies the address of the character in 
character RAM that will appear at the leftmost position on 
the display. For example, a 5 in this register causes the sixth 
character in the RAM to be displayed at the left end of the 
display. The Preset Display Position Register can be loaded 
with a value, or it can be incremented and decremented by 
writing to bits 2 and 3 of IR2, address 122 (7AH). The Preset 
Display Position Register will automatically wrap around 
from 79 to when incremented, and wrap around from to 
79 when decremented past 0. 

CAUTION: If a number greater than 79 is loaded into the 
Preset Display Position Register, display multiplexing stops. 
The LCD can be damaged if left in this condition for an 
extended period of time. 

The Cursor Register determines the location of the cursor 
on the display, depending upon value in the Preset Display 
Position Register. If for example, the Cursor Register Is set 
to 5 and the Preset Display Register is set to 0, the cursor 
will then be displayed in the 6th character of the display. If, 
however, the Cursor Register is set to 14 and the Preset 
Display Position Register Is also set to 1 4, then the cursor 
will be displayed in the leftmost character position. If data is 
written to address 127 (7FH), the data is entered at the 
current location of the cursor and the cursor position is 
incremented. The cursor position may be directly set by 
writing to Cursor Register address 123 (7BH). The cursor 



*4 

00 

o 
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may also be incremented or decremented by writing the 
appropriate instructions to iR2 at address 122 (7AH). The 
cursor location will wrap around from 79 to or vice versa 
when incremented or decremented. A number greater than 
79 written to the Cursor Register causes no cursor to be 
displayed, but the ICM7280 will otherwise function normally. 
If bit 4 of IR1 at address 121 (79H) is at "1", then all 
characters to the right pf the cursor are blanked but the 
data in the character RAM is retained. 

The IRO register is a bit set/reset register. The MSB 
selects either set (1) or reset (0) operation. A "1" in any 
other bit position selects that bit to be set/ reset. For 
example, a bit pattern of 10011001 will set bits 0, 3 and 4, 
while a bit pattern of 00010000 will clear bit 4. Unselected 
bits are not affected. 

The Annunciator Registers are bit set/reset registers that 
operate similarly to IRO. When used With the ICM7281 
column drivers, bit of Annunciator Register 1 will be the 
last bit shifted out, and will appear at the column 1 output of 
the ICM7281. Bit 6 of Annunciator Register 2 is the first 
annunciator bit to be shifted out, and will appear on column 
14 of the ICM7281. The annuncimbr outputs, if enabled, 
appear on all rows in columns 1-14. Annunciators are 
enabled by bit 7 at IR1. 

Bit 6 of instruction register 2 resets all instruction 
registers and annunciator registers, as well as the Cursor 
Register and Preset Display Position Register. Bit 6 of 
Instruction Register 2 also resets and stops the display 
multiplex and blink counters. 

All register bits except bit 6 of IR2 are reset upon power- 
up. Since bit 6 of IR2 is indeterminate at power-up, and the 
instruction registers cannot be written to while bit 6 is set, 
the initialization routine should first clear bit 6 before the 
other registers of the ICM7280 display controller, are 
accessed. When normal operation resumes after bit 6 of 
IR2 is cleared, the attributes will be off, the cursor will be 
present at 0, and the 5 x 7 character format will be engaged. 



CAUTION: The ICM7280 should not be left In the reset 
mode for extended periods, because in this condition there 
is a DC bias on the liquid crystal display which can 
permanently damage it. 

80 CHARACTER LIQUID CRYSTAL 
DISPLAY SYSTEM 

Figure 10 shows a complete 80 character Intel/Zilog 
compatible display system without annunciators. The 
ICM7280A receives ASCII character data from the host 
microprocessor, converts it to a serial data stream for the 
ICM7281 column drivers, and provides the row drive 
voltages and overall disjDiay system timing and control. The 
power consumption of this display system is typically 6 
milliwatts during normal operation and 5 microwatts when 
shutdown (but retaining data and control setup). 

If less than 80 characters are desired, the ICM7281 's that 
would normally drive the right-hand characters of the 
display may be left out. This means that an 80 character 
display module and a module with fewer characters can 
have exactly the same hardware and software interface, 
except that extra ICM7281's are missing from the module 
with fewer characters. 

The Preset Display Position Register is most useful when 
the LCD system has fewer than 80 characters. For exam- 
ple, if the display has only 1 6 characters, all 80 characters 
stored in RAM can be displayed by first setting the Preset 
Display Position Register to 0, waiting 2 seconds, setting it 
to 16, waiting 2 seconds, and so forth, on up through a 
character preset of 64. The host processor would need to 
do just one write of the data and then use one command to 
write to the Preset Display Position Register. This requires 
much less time than shifting all of the data around byte by 
byte. Another use of the preset display feature is to 
implement a character-by-character scroll. Each time the 
Preset Display Position Register is incremented by one, the 
displayed characters will shift left one character position. 
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Figure 12: aO-Character LCD Display System 
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Table 6: Instruction and Annunciator Registers 



120 Decimal 
78 Hex 


Instruction Register 
IRQ 


D7 
D6 
D5 
D4 
D3 
D2 
' D1 
DO 


1 = SET = RESET ' 

1 = Blank Display 

1 = Blink Display 

1 =^ Cursor Enabled 

1 = Power Down Mode r 

unasslgned, set to , 

SET to 

= Normal Operation, 1 = Test Mode 


121 Decimal 
79 Hex 


Instruction Register 1 
IR1 


D7 
06, 
D5 
D4 
D3 
D2 
D1, DO 


, 1 = Enable Annunciators , > 
1 = Blinking Box Cursor = Underline Cursor 
1 = Blank characters to the right of the cursor 
1 =6 columns per character = 5 columns per character 
1 =* Air on test mode. All dots and annunciators turned on. 
unasslgned, set to 

Controls number of rows per character, according to the following table: 
Di Do Character Size 

7 Rows/character 

1 8 Rows/character 

1 9 Rows/character 
1 1 10 Rows/character 


122 Decimal 
7A Hex 


instruction Register 2 
IR2 


D7 
D6 
D5 
D4 
D3, D2 

D1, DO 


Production test mode only. Must be set to 0. 

1 = Resets all registers. See test on previous page. 

1 = Enable Attributes 

unasslgned, set to 

Preset Display Position Increment/ Decrement 

D3 D2 Control Bit Designators ; 

No operation 

1 Decrement Preset Display Position Register 

1 Increment Preset Display Position Register 
1 t Increment Preset Display Position Register 
See the following table: 

Di Do Control Bit Designators 

No operation 

1 Decrement Cursor Register 

1 Increment Cursor Register 
1 1 Increment Cursor Register 


123 Decimal 
7B Hex 


Cursor Register 
IR3 


This register specifies the address of the cursor using a 7 bit value in the range of 0-79 decimal, 0-4F hexadecimal. The location of 
the cursor on the display is determined by both the Cursor Register and the Preset Display Position Register. The eighth bit is 
ignored. 


124 Decimal 
7C Hex 


Preset Display Position Register 
IR4 


The Preset Display Position Register Is normally set to 0. If set in the range of to 79, the character at that address appears in the 
leftmost location on the display. 


125 Decimal 
7D Hex 


Annunciator Register 1 
AR1 


126 Decimal 
7E Hex 


Annunciator Register 2 
AR2 


The 7 LSBs of each annunciator register (D0-D6) each control one annunciator. To set, write a 1 to the MSB and a 1 to the bits to 
be set. To clear, write a to the MSB and a 1 to the bits to be cleared. The annunciators will appear left to right AR1 :D0 to D6 then 
AR2:D0 to D6. 


127 Decimal 
7F Hex 


Cursor-Addressed Entry 


When character data is written to this address, the data is loaded into the character RAM using the Cursor Register as a pointer 
and the Cursor Register is Incremented. 
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Display Driver 
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GENEF^AL DESCRIPTION 

The ICM7281 LCD Dot Matrix Column Driver is designed 
to convert a serial data stream into drive signals for a 
multiplexed dot matrix LCD. Easily cascadable, up to 16 
ICM7281's can be driven by one ICM7280 Intelligent Row 
Driver to make an 80 character dot matrix display. The 
ICM7281 also serves as both a Row Driver and Column 
Driver in LCD dot matrix graphics displays. The low output 
resistance and the 1 5V drive capability make it well suited 
for graphics displays with up to 256 x 256 dots (with 1 0pF/ 
dot capacitance). 

The ICM7281 consists of a 40 bit shift register, a 40 bit 
latch and 40 level-shifters/drivers. The 4 display drive 
voltages are generated externally, usually by a Row Driver. 
A serial data interface is used to minimize the number of 
pins needed for digital interfacing. A data Carry Output is 
included for cascading several ICM7281's to drive large 
LCD displays. 



ORDERING INFORMATION 


PART 
NUMBER 


TEMPERATURE 
RANGE 


PACKAGE 


ICM7281IPL 
ICM7281IJL 
ICM7281/D 


-40°C to +85°C 
-40°C to +85°C 


40-Pin PLASTIC DIP 

40-Pin CERDIP 

DICE 



FEATURES 

• 40 High Voltage LCD Column Drive Outputs 

• Easy Interface 

— Serial Input Shift Register with Parallel Latch 
and Carry Outputs 

• Directly Compatible with ICM7280 Row Driver 

— Up to 16 ICM7281's can be Driven by an 
ICM7280 with No External Components 

• Low Resistance Outputs 

— Can Drive Both Columns and Rows of LCD 
Graphics Displays 

• Will Drive 1.5V Threshold LCDs with Only Single 
5V Supply 

— Can Drive Up to 4.5V Threshold LCDs with 
15V Vdisp 

APPLICATIONS 

• Column Drivers For Dot Matrix Alphanumeric 
Displays Using ICM7280 Row Driver 

• Row and Column Drivers For LCD Dot Matrix 
Graphics Displays 

• Segment Driver For LCD Bargraphs and 
Annunciators 

• Serial Input I/O Expander 
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Figure 1: Functional Diagram 



Figure 2: Pin Configuration 
(Outline dwg. PL) 
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Power Dissipation (Note 2) 0.3W @ +85*'C 

Operating Temperature Range -40°C to +85°C 

Storage Temperature Range -65X to +15PX 

Lead Temperature (Soldering, 10sec) 300°C 



ABSOLUTE MAXIMUM RATINGS 

Supply Voltage (Vdd~Vss) 6V 

Display Voltage (Vdd~Vdisp) ■ 18V 

V2, V3 Vdisp to Vdd 

Input Voltage (Note 1) (Vss -0.3V) to (Vqd +0.3V) 

stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated m the operational sections of the specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 

NOTE 1: Due to the SCR structure inherent in any junction isolated CMOS device, connecting an input to any voltage greater than Vdd or less than Vss f^iay 
cause destructive device latch-up. If the input voltage can exceed the recommended range, the input should be limited to less than 1 mA to avoid 
latch-up. 

NOTE 2: This limit refers to that of the package and will not occur during normal operation. 



ELECTRICAL CHARACTERISTICS (Vdd = 5V, Vdisp ^ 

Vss = OV, Ta= -40°C to +85°C. Unless otherwise specified.) 



-10V, V2 = i/3 (Vdd -Vdisp)- V3 = 2/3 (Vdd-Vdisp), 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


SUPPLY CHARACTERrSTICS | 


VSUPP 


Operating Supply Range 




4.5 


5.0 


5.5 


V 


Vdisp 


Display Voltage 




-10 




Vdd 


V 


'STBY 

'dd 


Supply Current 
Quiescent 
Dynamic 


FcLK = 
FcLK = 500kHz 




.1 
500 


10 
1000 


ma 


INPUT CHARACTERISTICS | 


V|H 


Logic 1 Input Range 


DATA INPUT, DATA LATCH, 
CLOCK and DISPLAY CONTROL 


OJVdd 






V 


V|L 


Logic Input Voltage 


DATA INPUT, DATA LATCH, 
CLOCK and DISPLAY CONTROL 






3VDD 


V 


l|N 


Input Current 


DATA INPUT, DATA LATCH, 
CLOCK and DISPLAY CONTROL 

< ViN < Vdd 


-10 


0.01 


+ 10 


HA 


C|N 


Input Capacitance 


DATA INPUT, DATA LATCH, 
CLOCK and DISPLAY CONTROL 

Dice 

Plastic Packaged Parts 




3 
5 




PF 


OUTPUT CHARACTERISTICS, CARRY OUTPUTS | 


Vqh 


Output High Voltage 


lOH = 400mA 


24 






V 


Vol 


Output Low Voltage 


lOL = 1 -SmA 






0.4 


V 


OUTPUT CHARACTERISTICS, COLUMN OUTPUTS ] 


ROUTI 


Output Resistance 


Vdd-Vdisp -10V, 

lOUT = 1 mA, 

VcOL = OV, 1 Column ON 




1.5 


3 


k^ 


R0UT2 


Output Resistance 


Vdd-Vdisp = iov, Vcol = ov 

Iqut = 05mA per Column 
All Columns ON 




200 


400 


i7 


Tr 


Column Rise Time 


Vdd-Vdisp = 10V, Cl = i50pF 

per Column, 0-63% V3 to Vdd or 

0-63% V2 to Vdisp 

One Column ON 
All Columns ON 




0.3 
1.5 




JUS 


Tf 


Column Fall Time 


Vdd-Vdisp = 10V, Cl = 150pF 
per Column, 0-63% Vdd to V3 or 
0-63% Vdisp to V2 

One Column ON 

All Columns ON 




0.3 

1.5 




jUS 
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ELECTRICAL CHARACTERISTICS (CONT.) (Vdd = 5V. Vdisp 

(Vdd-Vdisp). Vss = OV, Ta== -40"C to +85°C. Unless otherwise specified.) 


= -10V, V2 


= 1/3 (Vdd 


-Vdisp). V3 = 2/3 


SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


AC CHARACTERISTICS (See Timing Diagram) i 


Tds 


Data Setup 




150 


90 




ns 


Tdh 


Data Hold 




10 


-20 




ns 


TWH 


Data Latch Width, High 




250 


100 




ns 


TWL 


Data Latch Width, Low 






500 






Tls 


Data Latch Setup 




400 


250 




ns 


Tlh 


Data Latch Hold 







-130 




ns 


FCLK 


Clock Frequency 




D.C. 


2 


1 


MHz 


TCH 


Clock High Period 




500 


100 




ns 


TCL 


Clock Low Period 




500 


150 




ns 


TPD 


Carry Prop Delay 


Cl=15pF 




200 


350 


ns 
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Figure 3: Timing Diagram 
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Figure 4: Output Resistance vs. Vdispuky 
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S ICM7^81 

S DETAILED DESCRIPTION 
"- Data Interface 

The data on DATA INPUT is shifted into the shift register 
with each falling edge of CLOCK. The data in the shift 
register is also shifted one bit with each falling edge of 
CLOCK. The data In the 20th and 40th registers is available 
as COL 20 OUTPUT and COL 40 OUTPUT on the ICM7281 
dice. The packaged part has only one CARRY OUTPUT, 
which is the 30th column. These outputs are normally used 
as the DATA INPUT for an adjacent ICM7281. 

The DATA LATCH input is used to transfer data from the 
shift register to the 40 bit latch, which consists of 40 
negative edge-triggered D flip-flops. The data in the shift 
register is stored by the falling edge of DATA LATCH and 
this latched data will be held until the next falling edge of 
DATA LATCH. 



The. DISPLAY CONTROLpin is used to convey multiplex 
timing informatiqn to the Column Drivers. This input is used 
as one of the two control inputs to the 1 of 4 analog 
multiplexer that drives each column output. 

LCD Interface 

The ICM7281 uses a modified Alt and Pleshko multiplex- 
ing scheme, in which the Column Driver uses 4 voltages: 
Vdd. V2, V3, and Vdisp- These drive voltages are generat- 
ed externally, usually by the ICM7280 Intelligent Row Driver. 
Each column output is driven by an analog multiplexer. The 
truth table and a schematic of this multiplexer are shown in 
Figure 7. The column data is the data that is serially loaded 
into the shift register, th6n parallel loaded into the data 
latch. The DISPLAY CONTROL signal, generated by the 
ICM7280 Row Driver, tells the ICM7281 which half of the 
multiplex cycle is occuring. 
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Figure 6: ICM7281 Column Driver Used in a Graphics Application 
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ICM7281 

LCD MULTIPLEXING 
Multiplexing Schemes 

The goal in LCD multiplexing is to increase the number of 
segments a given number of column lines can drive, while 
not unacceptabiy degrading the viewability of the LCD 
display. Increasing the number of rows driven by a cojumn 
decreases the ratio between the voltage across an ON 
segment and the voltage across an OFF segment. This 
ON/OFF voltage ratio is critical since the contrast of an 
LCD segment is determined by the RMS voltage across that 
segment. Figure 8 shows a typical curve of contrast vs. 
RMS voltage. For an acceptable display, the RMS OFF 
voltage must be below the 10% contrast point and the RMS 
ON voltage must be above the 50% contrast point. The 
RMS on voltages for different multiplex ratios are also 
shown in Figure 8. Note that as the number of rows or 
backplanes goes up, the RMS ON voltage decreases. 

The ICM7281 can drive either columns or rows using the 
modified Alt and Pleshko waveforms as shown in Figure 9. 
The ON /OFF voltage- ratio formula and the calculated 
values for common multiplex ratios are shown in Table 1 . 
Table if shows the optimum voltages for V1 to V5 for 
different multiplex ratios. 

Temperature Effects and Temperature 
Compensation of Vqisp 

The performance of LCD fluids is affected by temperature 
in two ways. The response time of the display to changes in 



applied RMS voltage gets longer as the display temperature 
drops. At very low temperatures some displays may take 
several seconds to change to a new character after the new 
information appears at the LCD driver outputs. However, for 
most applications above O^C this will not be a problem, and 
for low temperature applications, high-speed liquid crystal 
materials are available. High temperature operation is 
generally limited by long term degradation of the polarizer 
and the sealing materials above +70°C or +85°C. 

The temperature effect most important in the O-ZO^'C 
range is the vanation of threshold voltage with temperature. 
For typical liquid crystal materials, the threshold voltage, 
VjHRESH. has temperature coefficient of -7 to -14mV/°C. 
Since the VpisP 'S 3.27 times VthresH (for 7 row multiplex, 
see Table 1), the Vdisp has a tempco of about -25 to 
-50mV/°C, depending on LCD fluid tempco. As can be 
seen in Figure 8, for optimum viewability and contrast ratio, 
the driving voltage must be accurately matched to the LCD 
threshold voltage. If a significant variation in temperature is 
expected, a method of adjusting the Vpisp "Triust be 
provided. Figure 10 is a typical Temperature Compensation 
circuit using an ICL7660 negative voltage converter to give 
the required Vpisp range, if necessary. 

With the fluids now available tor 32 and 64 multiplex 
operation it is quite common to have a "Contrast" adjust- 
ment accessible to the user. This "Contrast" adjustment 
varies the Vpisp to compensate for both temperature 
variations and for variations in the viewing angle. 
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Figure 8: Contrast Versus RMS Drive Voltage 
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Table 1: Optimum Multiplex Drive 



00 



ROWS 


Von/off 


ALT AND PLESHKO 


ICM7280/ICM7281 


Vdd-V DISPLAY/Vt 


Vdd-V DISPLAY/Vt 


4 


173 


4 


3 


7 


1.488 


4.74 


3.27 


8 


1.447 


4.97 


3.37 


9 


1.414 


5.20 


3.46 


10 


1.387 


5.41 


3.56 


12 


1.346 


5.81 


3.74 


14 


1.315 


6.18 


3.917 


16 


1.290 


6.532 


4.08 


32 


1.196 


8.817 


5.19 


64 


1.134 


12.01 


6.804 







Table 2: Optimum 


Drive Voltages 


















ON/OFF 


N 


VI 


V2 


V3 


V4 


V5 


VOLTAGE 
RATIO 


4 


1.000 


2.000 


1.000 


2.000 


3.000 


1.732 


5 


0.951 


1.902 


1.176 


2.127 


3.078 


1.618 


6 


0.919 


1.838 


1.332 


2.252 


3.171 


1.543 


7 


0.897 


1.793 


1.476 


2.372 


3.269 


1.488 


8 


0.879 


1.759 


1.608 


2.488 


3.367 


1.447 


9 


0.866 


1.732 


1.732 


2.598 


3.464 


1.414 


10 


0.855 


1.710 


1.849 


2.704 


3.559 


1.387 


11 


0.846 


1.692 


1.960 


2.806 


3.652 


1.365 


12 


0.838 


1.677 


2.066 


2.904 


3.743 


1.346 


16 


0.816 


1.633 


2.449 


3.266 


4.082 


1.291 


20 


0.802 


1.605 


2.786 


3.589 


4.391 


1.255 


24 


0.793 


1.585 


3.090 


3.883 


4.676 


1.23 


30 


0.782 


1.564 


3.502 


4.284 


5.066 


1.203 


32 


0.779 


1.559 


3.629 


4.409 


5.188 


, 1.196 


40 


0.771 


1.541 


4.103 


4.874 


5.645 


1.173 


48 


0.764 


1.529 


4.332 


5.296 


6.061 


1.156 


54 


0.761 


1.522 


4.830 


5.590 


6.351 


1.147 


64 


0.756 


1.512 


5.292 


6.047 


6.803 


1.134 
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MODIFIED ALT & PLESHKO 
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Figure 10: Temperature Compensated Vqisp Generator 



Multiplex Rate and Maximum Drive 
Capability 

The minimum multiplex rate is determined by the re- 
sponse time of the LCD. To avoid flicker, the multiplex rate 
should be above 30Hz. The maximum multiplex rate is 
determined by power dissipation limits and the drive capa- 
bility of the ICM7281. 

The drive capability of the ICM7281 indirectly sets the 
upper limit of the multiplex rate. The absolute maximum limit 
of DC voltage across an LCD is usually specified as 50m V. 
As the multiplex rate increases, any asymmetry in the rise 
and fall times will cause a DC offset, in addition to any offset 
caused by V2 and V3 not being exactly symmetrical with 
respect to Vpisp and Vdd- The ICM7281 was designed to 
have equal rise and fall times, as well as low resistance 
drivers which make the rise and fall times short. This allows 
the ICM7281 to drive over 2000pF at multiplex rate of 
1 0OHz. Normally an LCD dot matrix display will have less 



than lOOOpF capacitance per 40 columns (each ICM7281 
drives 40 columns). 

POWER DISSIPATION 

The power dissipation of a display system driven by the 
ICM7281 has several components: 

1) Quiescent or DC power dissipation of the ICM7281 

2) Dynamic or AC power dissipation of the ICM7281 

3) Power consumed In driving the LCD display. 

ICM7281 Power Dissipation 

The quiescent current of the ICM7281 is very low, 
typically less than 1 juA, and can generally be ignored. The 
dynamic current is proportional to the clock frequency, with 
a typical value of 1.0mA per MHz. This means that at a 
500kHz clock the dynamic current will be 0.5mA. 

LCD Display Drive Dissipation 

Since the LCD has very low leakage currents, most of the 
power used to drive the LCD is used to charge and 
discharge the LCD capacitance. The power is 
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PlCD = CV^fEFF 

Where: 

Plcd 's the power dissipated in driving the display 

C is the display capacitance 

V is Voltage across the display 

fEFF is the effective multiplex frequency 
The effective multiplex frequency ranges from fMUX to 
N X fMUX. where fMUX is the multiplex rate and N is the 
number of rows. The actual effective multiplex frequency is 
dependent on which characters or bit pattern is being 
displayed and is typically about N/3xfMUX 

Low Power Shutdown 

If the data clock is stopped and the voltages across the 
LCD are not changing, the power consumption will drop to 
the 5 to 50 micrpwatt range. Set Vqisp. V2 and V3 equal to 
Vdd to prevent permanent damage to the, LCD display by a 
DC bias. 

APPLICATIONS 

Alphanumeric Display Using ICM7280 

Intelligent Row Driver 

The ICM7280 Intelligent Row Driver is specifically de- 
signed to drive multiple ICM7281 LCD Column Drivers. 
Figure 5 shoWs a typical 80 character display. The ICM7280 
and ICM7281's will drive either 7, 8, 9 or 10 row displays, 
with the characters having either 5 or 6 columns. The Row 
Driver receives ASCII data, converts that data to bit-by-bit 
column data for the ICM7281's and serially shifts data into 
the tCM7281's. This process is repeated for each phase of 
the multiplex cycle. 

Temperature compensation and generation of Vpisp for 
the ICM7280/81 system is shown in Figure 10. For further 
details refer to the ICM7280 Intelligent LCD Row Driver data 
sheet. 

LCD Graphics Display 

In this circuit, ICM7281 's are used to drive both the rows 
and columns of the LCD dot matrix. An external controller is 



used to generate the row and column data that is serially 
transferred into the ICM7281's. (See Figure 6). 

The display drive voltages are generated in a resistor 
divider network. The optimum voltages for V1 through V6 
can be calculated using the equations of Figure 9. Optimum 
voltages for common multiplex ratios are shown in Table 2. 

The LCD shown in Figure 6 is a 32 row display, divided 
into two sections of 16 rows to increase the ON/OFF RMS 
voltage ratio, thereby improving the contrast of the display. 
As LCD fluids Improve it will become practical to use 32 or 
64 row multiplexing, reducing the number of column drivers 
by a factor of 2 or 4. ' 

As the number of rows increases, the Vpisp required by 
the ICM7281's modified Alt and Pleshko multiplex scheme 
increases less than the VpiSP required by a classic Alt and 
Pleshko multiplex scheme. For example: a 64 row display 
with a 1.45V threshold would require +5V and -12.4V 
supplies using standard Alt and Pleshko multiplexing. The 
ICM7281 would require only +5V and -4.9V to drive this 
same display with 64 row multiplexing. The negative voltage 
could easily be generated using a charge pump such as the 
ICL7660. (See Figure 10). 

Serial Input I/O Expander 

In addition to driving LCD's, the ICM7281 can be used as 
an I/O expander as shown in Figure 11. In this case, the 
data cap be serially entered Into the ICM7281 shift register 
using the 80C51 serial port. The 80C51 then transfers the 
data to the output latch by pulsing the DATA LATCH input 
with an I/O port line. Note that multiple ICM7281's can be 
cascaded to get more than 30 output lines. This cascading 
does not require any additional logic since the ICM7281 
CARRY OUTPUTS are used. 

DISPLAY CONTROL is tied to Vqd so that the data on 
the column outputs is the same as the data that was 
entered. If DISPLAY CONTROL is grounded, the column 
outputs will be inverted data, with V3 grounded, the logic 
level at the column outputs will be CMOS compatible, 
swinging from ground to Vdd- The output resistance of the 
column outputs Is about 2k ohms. 
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Figure 11: Serial I/O Expander Using ICIUI7281 
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ICM7283 

LCD Dot Matrix 
Controller/Row Driver 




GENERAL DESCRIPTION 

The ICM7283 is designed to provide a complete micro- 
processor interface for an 2 line by 40-character alphanu- 
meric LCD display system. It includes a character genera- 
tor, display voltage generator and resistor string, row 
drivers, and control circuitry. Interface to a host micropro- 
cessor is achieved through either a multiplexed or non- 
multiplexed parallel bus. 

The ICM7283 is designed to offload all display-related 
tasks from the host microprocessor and to provide an easy- 
to-program software interface. Since the internal circuitry 
operates at full microprocessor speeds, there is no waiting 
for completion of internal operations. Testing of a "Busy" 
flag, when characters or commands are written, is not 
required. 

Character data can be loaded with an auto-incremented 
cursor or in a random-access mode. Versatile control 
functions allow all or selected portions of the display to be 
underlined, blinked, blanked, or displayed in reverse video. 
Power-down features are provided, and both an underline 
and a blinking-box cursor are available. 

The ICM7283 can display four user-defined characters in 
addition to the standard 96 ASCII upper and lower-case 
characters and 14 European and graphics characters. 

ORDERING INFORMATION 



PART 
NUMBER 


TEMPERATURE 
RANGE 


PACKAGE 


ICM7283AIDM 


~40°C to +85°C 


48-Pin Side Braze 
Ceramic 


ICM7283A/D 


— 


DIE 


ICM7283BIDM 


-40''C to +85*'C 


48-Pin Side Braze 
Ceramic 


ICM7283B/D 


— 


DIE 



FEATURES 

• Two Lines by 40 Characters Wide Display 
Memory 

-Directly Drives up to 6 ICM7281 Column 
Drivers 

• High Speed /iP Interface 
-ICM7283A: Intel, Zilog Compatible 
-ICM7283B: Motorola, Rockwell Compatible 

• 120 Character Font With Multiple Attributes 
-Underline, Cursor, Blinking, Reverse 

• 4 User Definable Characters 

• Versatile Character Font Matrix 
-5 or 6 Columns By 8 Rows 

o High Speed Internal Architecture 
-No Busy Flag Needed 

APPLICATIONS 

• Battery Hand-Held Terminals 

• Portable Computers 

• Instrument Control Panels 

• LCD Display Modules 
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Figure 1: Pin Configuration 
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301691-001 



S ICM7283 

'N 

p ABSOLUTE MAXIMUM RATINGS 

Supply Voltage (Vdd - Vss) +6.5V 

Display Voltage (Vdd - Vdisp) + 12V 

Input Voltage Vss-0.5V to Vdd + 0-5V 

Power Dissipation '. 500mW @ 70°C 



Operating Temperature Range -40°C to +85°C 

Storage Temperature Range - 55°C to + 1 25°C 

Lead Temperature (Soldering, 10sec) SOOX 



Note: Stresses above those listed under ''Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. 
Exposure to absolute maximum rating conditions fpr extended periods may affect device reliability 
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Figure 2: Functional Diagram 



ELECTRICAL CHARACTERISTICS 
AC CHARACTERISTICS 

(Vdd = 5.0V±10%, Ta=-40 to +'85°C, Vdisp = Vdd -8V, Vss = OV, unless otherwise specified.) 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


l|L 


Input Leakage 


Address/Data pins high impedance 
< V|N < Vdd 


-10 




+ 10 


ma 


Idd 


Supply Current 


Osc open ckt, V|l = OV, V|h = Vdd 






2.5 


mA 


ISTBY 


Shutdown Current 


V|L = OV, V|h = Vdd 






100 


ma 


VSUPP 


Operating Voltage Range 


V|L = 0.4V, V|H = 2.4V 
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fosc 


Osc. Frequency 


Pin 23 open ckt. 
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1.0 


MHz 


Serial Outputs 


Vol 


Output Voltage, Low 


IOL = "liTnA 






1.0 


V 
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ELECTRICAL CHARACTERISTICS (CONT.) 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 
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AC CHARACTERISTICS (See Timing Diagram) 

(Vdd = 5.0V±10%, Vdisp = OV, Ta= -40°C to +85°C, CL=150pF, unless otherwise specified.) 
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SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN 


TYP 
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UNIT 


Serial Output Timing 


Tscdl 
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Dlat 
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ns 
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DOUT 








400 


ns 


Microprocessor Interface 
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AC CHARACTERISTICS (See Timing Diagram) (CONT,) 



SYMBOL 



PARAMETER 



TEST CONDITIONS 
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Figure 3: ICM7283A Timing Diagrams (IVIultlplexed Operation) 
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Figure 4: ICM7283A Timing Diagrams (Non-Multiplexed Operation) 
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Figure 5: ICM7283B Timing Diagrams (Non-Multiplexed Operation) 
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Figure 6: ICM7283B Timing Diagrams (Multiplexed Operation) 
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Figure 7: ICM7283 Serial Output Timing Diagram 



Table 1: Pin Descriptions 



SIGNAL 


PIN 


DESCRIPTION 


R0W1-16 


10-1, 
48, 47 


LCD row drivers 


DoUT 


15 


Serial d^ta 


Vdisp 


16 


Negative LCD supply voltage 


V2, V3 


17, 18 


LCD column voltage 


DCONT 


19 


Column driver control output 


vScLK 


20 


Senal data clock output 


Dlat 


21 


Row data latch output 


ViNV 


22 


Negative voltage generator 
clock 


OSC 


23 


Oscillator input 


Vss 


24 


Digital ground 


D0-D7 


25-29 
32-34 


Data I/O 


RD(7280A) 
E(7280B) 


35 
35 


Read input 
Enable input 


WR(7280A) 
R/W(7280B) 


36 
36 


Write input 
Read/write input 


ALE(7280A) 
AS(7280B) 


37 . 
37 


Address latch enable 
Address strobe 


CS 


38 


Chip select input 


A0-A6 


39-45 


Address inputs 


Vdd 


46 


Positive digital and LCD supply 
voltage 



DETAILED DESCRIPTION 
Hardware Interface 

Figure 1 is a simplified block diagram of the ICM7283. It is 
a dedicated hardware 10 and the speed of data entry and 
command processing Is limited only by gate delays. Unlike 



other display controllers, the IOM7283 will not "go busy" for 
milliseconds at a time while processing data or commands. 

Microprocessor Bus Interface 

There are two versions of the IOM7283 J]ie ICM7283A 
has WR and RD pins, as well as ALE and CS. This version 
can be interfaced to standard multiplexed or non-multi- 
plexed data buses of parts such as the 8085, Z80, 8088 and 
other microprocessors. The ICM7283B has R/W, E and AS 
pins instead of WR and RD and ALE. The ICM7283B is 
intended for use on 6800 and 6500 family buses. 

To use the IOM7283 on a multiplexed bus, tie the A0-A6 
lines to the D0-D6 iipes and ALE/AS driven with the system 
address latch enable or strobe signal. For a non-multiplexed 
bus, A0-A6 should be connected to the least significant 
address lines, D0-D7 connected to the data bus and ALE/ 
AS tied high. The only external circuitry needed is a chip 
select or address decoder. The IOM7283 uses an address 
space of 128 bytes. 

ICM7281 Data Interface 

The ICM7283 Row Drivers require IOM7281 Column 
Drivers to operatq an LCD display. Three lines are used to 
load data serially into the IOM7281 column drivers, Dqut. 
Sqlk. ai^cl Dlat- The data is latched and shifted with each 
negative going edge of Sclk. and the data is transferred 
from the ICM7281 shift register to its latches with the 
negative going edge of Dlat- The frequency of the Sclk 'S 
set by the oscillator frequency of the ICM7283 and is 
normally about 600kHz. 

Oscillator 

The ICM7283 oscillator will free run at 600kHz in die 
form, when not loaded with any capacitance. With 1 5pF of 
external capacitance, the frequency will be about 250kHz. 
Figure 8 shows the relationship between oscillator period 
and the value of Cexternal- Table 1 shows the relationship 
between the oscillator frequency and various display sys- 
tem signals and features. Standard CMOS logic gates can 
be used to overdrive the oscillator to control frequency. A 
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ICM7283 



suitable frequency can also be deriveci by ciividing down the 
host processor's clock. 



10 

00 



Table 2: ICM7283 Display System Frequencies 



SIGNAL NAME 


FREQUENCY 


COMMENTS 


SCLK 


osc 


Sets data transfer rate to ICM7281 column drivers 


Dlat 

Display Control 


OSC/M 
OSC/M 


Once per row multiples penod. 


LCD Multiplex Freq. 


0SC/(NxMx2) 


Should be above 30Hz to avoid flicker. 


Blink Rate 


0SC/(NxMx64) 


Blink rate for blinking cursor and blinking characters 


V|NV 


OSC 


AC waveform for generating a negative voltage for Vpisp 



NOTES: Where N = number of rows - i.e. 16. 

M = 40 X number of columns (5 or 6) per character. Add 14 if annunciators enabled. 

Table 3: ICM7283 Memory Map 



ADDRESS 


FUNCTION 


DECIMAL 


HEX 


0-79 


00H-4FH 


Character RAM. Loaded with ASCII data characters to be 
displayed. Address is the upper leftmost character and Address 
40 (28H) is the lower leftmost character. 


80-119 


50H-77H 


Font RAM. Holds bit pattern for four user-definable characters. See 
Table 4. 


120 


78H 


Instruction register (IRO) 


121 


79H 


Instruction register 1 (IR1) 


122 


7AH 


Instruction register 2 (IR2) 


123 


7BH 


Cursor Register (!R3J 


124 


7CH 


Unassigned 


125 


7DH 


Annunciator Register 1 (AR1) 


126 


7EH 


Annunciator Register 2 (AR2) 


127 


7FH 


Cursor-Addressed Entry Register 



NOTE: See Table 6 for more detail about addresses 120-127 (78H-7FH). 
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Display Interface 

The ICM7283 will support a dot matrix LCD display which 
has 1 6 rows, and either evenly-spaced columns or a space 
after every fifth column. If the display has evenly-spaced 
columns, then 6 columns per character should be selected 
and the sixth column is always blank. If the display provides 
a blank after every fifth column, then 5 columns per 
character should be selected. The character font is auto- 
matically changed to take advantage of all rows. The 
ICM7283 will automatically use one of the 6 evenly-spaced 
columns for a space. 

The ICM7283 can drive LCD displays with threshold 
voltages up to 2.5 volts. There is no minimum display 
threshold voltage since Vpisp can be above Vss;. 

The ICM7283 also has 1 6 onboard row drivers designed 
to handle large dot matrix displays. These drivers provide 
fast slew rates, and have a minimum offset voltage. 
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Figure 9: ICM7283 Vqisp Temperature Compensation Circuit 



Display Voltage Generator 

The ICM7283 riot only has an onboard resistor string to 
generate the required Vi , V2, V3, and V4, but also has an 
output that assists in generating a negative voltage for 
Vdisp- The V|Nv pin is a low-impedance output that swings 
from Vdd to Vss at the oscillator frequency. The circuit of 
Figure 9 connected to the V|nv pin generates a tempera- 
ture-compensated Vdisp- Diodes Di and D2, with capaci- 
tors Ci and C2 form a charge-pump negative voltage 
generator. The ICL76t1 CMOS op-amp and its associated 
circuitry form an adjustable temperature compensated volt- 
age source that provides Vqisp to the ICM7283, as well as 
the ICM7281 column drivers. Temperature compensation 
for Vdisp 's necessary because the threshold voltage of 
LCD fluids have a pronounced negative tempco. 

SOFTWARE INTERFACE 

Table 3 provides a memory map of the ICM7283. The 
ICM7283 uses 128 bytes of memory space: 80 bytes for 



character data storage, 2 bytes for 1 4 independent annunci- 
ators or flags, 32 bytes for storing 4 user-programmable 
characters, 4 bytes for control registers, and one dummy 
address to Identify cursor-addressed character entry. 

Character RAM 

Data may be entered in a random-access mode by simply 
writing to the desired character address. Address corre- 
sponds to the upper leftmost character of the display, and 
address 79 corresponds to the lower rightmost character. 
Block moves or other high-speed data transfers can be 
used to move data from the host system's RAM or ROM to 
the ICM7283's character RAM. Character data format is 
standard ASCII for the 96 upper and lower case characters, 
with the eighth data bit ignored. As shown in Figure 10, the 
ICM7283 Character Font Table, the display controller also 
recognizes three special control characters and 14 addition- 
al European and graphics characters. The characters 08 
through 17 are alternate lower case characters. 
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101 0102 0203 0304 0405 0SO6 06 07 07 08 0809 OOOA 10 OB 11 OC 12 00 13 OE 14 OF IS 



024 025 026 027 



m 035 U6 037 



■iiin 



10 16 11 17 12 18 13 10 14 20 15 21 16 22 17 23 18 24 19 25 1A 26 IB 27 1C 28 ID 29 IE 30 IF 31 



041 042 043 



m 



045 046 047 



Ml 052 



WS K6 057 



ISSllllHHHi 

20 32 21 3322 3423 35 24 3625 37 26 3827 3928 4029 41 2A 42 2B 432C 44 20 452E 46 2F 47 



072 073 074 075 076 



liiiiliiilllll 

30 48 31 49 32 5033 51 34 52 35 5336 54 37 5538 5639 57 3A 5838 59 3C 6030 61 3E 62 3F 63 



101 102 



1M 186 107 110 



11? 113 1U 115 116 117 



■ III 



40 64 41 65 42 66 43 67 a 68 45 69 46 70 47 7t 48 72 49 73 4A 74 48 75 4C 76 40 > 77 4E 78 4F 79 



120 121 122 123 124 125 



127 130 131 132 133 



lllliiilll 



135 136 ?37 



m 



I 51 81 52 82 S3 83 54 84 55 85 56 86 57 87 58 88 59 89 SA 90 SB 91 SC 92 SO 93 SE 94 SF 95 



141 142 



144 145 146 147 150 151 



lllllll 



153 154 155 156 157 



60 96 61 97 62 98 63 99 64 100 65 101 66 102 67 103 68 104 69 105 6A 106 SB 107 i 



109 «; 110 SF 



164 , 165 166 167 170 171 172 173 174 175 176 , 177* 
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Figure 10: ICM7283 Character Font 
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Table 4: Font F^AA/I for User-Definable Characters 



ROW 


ASCif CHARACTER 
FONT ADDRESS 


ASCII CHARACTER 1 
FONT ADDRESS 


ASCII CHARACTER 2 
FONT ADDRESS 


ASCII CHARACTER 3 
FONT ADDRESS 


Decimal 


Hex 


Decimal 


Hex 


Decimal 


Hex 


Decimal 


Hex 


Row 1 (top row) 
Row 8 (bottom row) 


80 
87 


5PH 
57H 


90 
97 


5AH 
61H 


100 
107 


, 64H 
68H 


110 
117 


6EH 
75H 



Font RAM 

In addition to the 120 characters available in the built-in 
character ROM, 4 characters may be user-defined. Table 4 
shows the mapping between the Font RAM and the user- 
defined Character font. An example of an additional charac- 
ter is provided in Figure 11. Note that addresses 80-119 
(50H-77H) hold 5 bit words that correspond to the bit 
pattern of the four user-definable characters, such that 
each 5 bit word defines the pattern for one row of the 
character. The LSB corresponds to the right-hand dot. Each 
character uses 8 wprds, with the lowest address represent- 
ing the top row. Once defined, these characters are treated 
the same as the predefined characters from the Font ROM. 
Enter ASCII data 0, 1. 2, or 3 into Character RAM to call up 
one of those characters. 
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Figure 11: A 


TB00201I 

^n Example of a User-Defined 
Character 



Instruction and Annunciator Registers 

Table 5 details the bit assignments of the control 
registers. All registers are write-only registers. 

Attributes are enabled by bit 5 of Instruction Register IR2, 
at address 122 (7AH). Blinking, underlined, and reverse 
video characters are controlled by attribute characters in 
the character RAM. These attribute characters are dis- 
played as blanks, but signal the ICM7283 that the charac- 
ters to the right of the attribute character are to be displayed 
with one of the three attributes (5 = underline, 6 = reverse 
video, and 7 = blinking). Each attribute Is cancelled by a 



second occurence of the attribute character. The entire 
display can be blinked or blanked by setting the appropriate 
bits in IRO. 

Table 5: ASCII Character Example 





Font Address 


Data 




Row 


Decimal Hex 


Decimal 


Hex 


1 


80 50H 


5 


05H 


2 


81 51H 


14 


OEH 


3 


82 52H 


21 


15H 


4 


83 53H 


14 


OEH 


5 


84 54H 


21 


15H 


6 


85 55H 


14 


OEH 


7 


86 56H 


21 


15H 


8 


87 57H 


4 


04H 



The Cursor Register determines the location of the cursor 
on the display. If data Is written to address 127 (7FH), the 
data is entered at the current location of the cursor and the 
cursor position is incrertiented. The cursor position may be 
directly set by writing to Cursor Register address 123 (7BH). 
The cursor may also be incremented or decremented by 
writing the appropriate instructions to IR2 at address 122 
(7AH). The cursor location will wrap around from 79 to or 
vice versa when Incremented or decremented. A number 
greater than 79 written to the Cursor Register causes no 
cursor to be displayed, but the ICM7283 will otherwise 
function normally. If bit 4 of IRi at address 121 (79H) is at 
"1", then all characters to the right of the cursor are 
blanked but the data in the character RAM is retained. 

The IRO register is a bit set/reset register. The MSB 
selects either set (1) or reset (0) operation. A "1" in any 
other bit position selects that bit to be set/ reset. For 
example, a bit pattern of 10011001 will set bits 0, 3 and 4, 
while a bit pattern of 00010000 will clear bit 4. Unselected 
bits are not affected. 

The Annunciator Registers are bit set/reset registers that 
operate similarly to IRO. When used with the ICM7281 
column drivers, bit of Annunciator Register 1 will be the 
last bit shifted out, and will appear at the column 1 output of 
the ICM7281. Bit 6 of Annunciator Register 2 is the first 
annunciator bit to be shifted out, and will appear on column 
14 of the ICM7281. The annunciator outputs, If enabled, 
appear on all rows in columns 1-14. Annunciators are 
enabled by bit 7 at IR1. 
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ICM7283 

Bit 6 of instruction register 2 resets all instruction 
registers, annunciator registers, and the Cursor Register. Bit 
6 of instruction Register 2 also resets and stops tiie display 
multiplex and blink counters. 

All register bits except bit 6 of IR2 are reset upon power- 
up. Since bit 6 of iR2 is indeterminate at power-up, and the 
instruction registers cannot be written to while bit 6 is set, 
the initialization routine should first clear bit 6 before the 
other registers of the ICM7283 display controller, are 
accessed. When normal operation resumes after bit 6 of 
IR2 is cleared, the attributes will be off and the cursor will be 
present at 0. 

CAUTION: The iCM7283 should not be left in the reset 
mode for extended periods, because in this condition there 
is a DC bias on the liquid crystal display which can 
permanently damage it. 



2x40 CHARACTER LIQUID CRYSTAL 
DISPLAY SYSTEM 

Figure 1 shows a complete 2 line by 40 character Intel/ 
Zilog compatible display system without annunciators. The 
ICM7283A receives ASCII character data from the host 
microprocessor, converts it to a serial data stream for the 
ICM7281 column drivers, and provides the row drive 
voltages and overall display system timing and control. The 
power consumption of this display system is typically 6 
milliwatts during normal operation and 5 microwatts when 
shutdown (but retaining data and control setup). 

If less than 80 characters are desired, the ICM7281's that 
would normally drive the right-hand characters of the 
display may be left out. This means that an 80 character 
display module and a module with fewer characters can 
have exactly the same hardware and software interface, 
except that extra ICM7281's are missing from the module 
with fewer characters. 
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Table 6: Instruction and Annunciator Registers 



120 Decimal 
78 Hex 


Instruction Register 
IRO 


D7 
D6 
D5 
D4 
D3 
D2 
D1 
DO 


1 = SET = RESET 

1 = Blank Display 

1 = Blink Display 

1 = Cursor Enabled 

1 = Power Down Mode 

unassigned, set to 0. 

unassigned, set to 0. 

= Normal Operation, 1 = Test Mode 


121 Decimal 
79 Hex 


Instruction Register 1 
IR1 


D7 
D6 
D5 
D4 
D3 
D2. D1, DO 


1 = Enable Annunqiators 

1 = Blinking Box Cursor = Underline Cursor 

1 = Blank characters to the right of the cursor 

1 = 6 columns per character = 5 columns per character 

1 = All on test mode. All dots and annunciators turned on, = Normal Operation 

unassigned, set to 0. 


122 Decimal 
7A Hex 


Instruction Register 2 
IR2 


D7 

D6 

D5 

D4, D3, D2 

D1, DO 


Production test mode only. Must be set to 0. 

1 = Resets all registers. See test on previous page. 

1 = Enable Attributes 

unassigned, set to 0. 

See the following table: 

Di Do Control Bit Designators 

No operation 

1 Decrement Cursor Register 

1 Increment Cursor Register 
1 1 Increment Cursor Register 


123 Decimal 
7B Hex 


Cursor Register 
IR3 


This register specifies the address of the cursor using a 7 bit value in the range of 0-79 decimal, 0-4F he)^adecimal. The eighth bit 
is ignored. 


124 Decimal 
7C Hex 


Unassigned 


125 Decimal 
7D Hex 


Annunciator Register 1 
AR1 


126 Decimal 
7E Hex 


Annunciator Register 2 
AR2 


The 7 LSBs of each annunciator register (D0-D6) each control one annunciator. To set, write a 1 to the MSB and a 1 to the bits to 
be set. To clear, write a to the MSB and a 1 to the bits cleared. Then annunciator will appear left to right AR1:D0 to D6 then 
AR2:D0 to D6. 


127 Decimal 
7F Hex 


Cursor-Addressed Entry 


When character data is wntten to this address, the data is loaded into the character RAM using the Cursor Register as a pointer 
and the Cursor Register is incremented. 
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GENERAL DESCRIPTION 

The ICM7170 real time clock is a microprocessor bus 
compatible peripheral, fabricated using Intersil's silicon gate 
CMOS LSI process. An 8-bit bidirectional bus is used for the 
data I/O circuitry. The clock is set or read by accessing the 
8 internal separately addressable and programmable count- 
ers from 1/100 seconds to years. The counters are 
controlled by a pulse train divided down from a crystal 
oscillator circuit, and the frequency of the crystal is select- 
able with the on-chip command register. An extremely 
stable oscillator frequency is achieved through the use of 
an on-chip regulated power supply. 

The device access time (tacc) of 300ns eliminates the 
need for any microprocessor wait states or software over- 
head. Furthermore, the ALE (Address Latch Enable) input Is 
provided for interfacing to microprocessors with a multi- 
plexed address/data bus. With these two special features, 
the ICM7170 can be easily interfaced to any available 
microprocessor. 

The ICM7170 generates, two types of interrupts. The first 
type is the periodic interrupt (i.e., 100Hz, 10Hz, etc.) which 
can be programmed by the internal Interrupt control register 
to provide 7 different output signals. The second type Is the 
alarm interrupt. The alarm time is set by loading an on-chip 
51 -bit RAM that activates an Interrupt output through a 
comparator. The alarm interrupt occurs when the real time 
counter and alarm RAM time are equal. A status register is 
available to indicate the interrupt source. 

An on-chip Power-Down Detector eliminates the need for 
external components to support the battery back-up func- 
tion. When a power-down or power failure occurs, internal 
logic switches the on-chip counters to battery back-up 
operation. Input/output and read/write functions become 
disabled and operation is limited to time-keeping and 
interrupt generation, resulting in low power consumption. 

Internal latches prevent clock roll-over during a read 
cycle. Counter data is latched on the chip by reading the 
lOOth-seconds counter and is held indefinitely until the 
counter is read again, assuring a stable and reliable time 
value. 



FEATURES 

• 8-Bit juP Bus Compatible 

- lUluitiplexed or Direct Addressing 

• Binary Time Data Format Lowers Software 
Overhead 

• Time From 1/100 Seconds to 99 Years 

• Software Selectable 12/24 Hour Format 

• Latched Time Data Ensures No Roll-Over During 
Read 

• Full Calendar With Automatic Leap Year 
Correction 

• On-Chip Battery Backup Switchover Circuit 

• Access Time Less Than 300ns 

• 4 Programmable Crystal Oscillator Frequencies 

• On-Chip Alarm Comparator and RAM 

• Interrupts from Alarm and 6 Selectable Periodic 
Intervals 

• Standby Micro-Power Operation: 2/uA Typ. at 
3.0V and 32kHz Crystal 

APPLICATIONS 

• Portable and Personal Computers 

• Industrial Control Systems 

• Data Logging 

• Point Of Sale 

ORDERING INFORMATION 



PART 
NUMBER 


TEMPERATURE 
RANGE 


PACKAGE 


ICM7170IPG 


-40''C to +85"C 


24-PIN PLASTIC DIR 


ICM7170IJG 


-40X to +85''C 


24-PIN CERDIP 











wrC 




^ n 


Drd 


aleC 




23 


U Vdd 


csC 




22 


Dd7 


A4C 




21 


D 06 


ASC 




20 


Dd5 


A2i: 




ICM7170 ^^ 


Dd4 


AlC 




18 


IID3 


AOC 




17 


Dd2 


OSC OUT C 




16 


Ddi 


OSC IN C 


10 


15 


Udo 


INT SOURCE C 


11 

12 


14 
13 


-J V BACKUP 
H Vss (GND) 


INTERRUPT L 


Figur 


e 1: 


Pin Configui 


-atlon 
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O ABSOLUTE MAXIMUM RATINGS 



Supply Voltage 8V 

Power Dissipation (Note 1) 500mW 

Input Voltage (Any Terminal) 
(Note 2) VDD+0.3V to Vss ~0.3V 



Operating Temperature -40°C to + 85°C 

Storage Temperature -65**C to +150°C 

Lead Temperature (Soldering, 10sec) 300°C 



25°C. 



NOTE 1: Ta = 

NOTE 2: Due to the SCR structure inherent in the CMOS process, connecting any terminal at voltages greater than S/qq or less than Vss rnay cause 
destructive device latchup. For this reason, it is recommended that no inputs from external sources not operating on the same power supply be applied to the 
device before its supply is established, and that m multiple, supply systems, the supply to the ICM7170 be turned on first 

Stresses above thpse listed under "Absolute Maximum Ratings" may cause permanent damage to the device These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 
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Figure 2: Functionar Diagram 



ELECTRICAL CHARACTERISTICS 

D.C. CHARACTERISTICS (Ta=-40°C to +85°C, Vdd= +5V ±10%, VbackUP = Vdd.Vss = OV unless otherwise 

specified) 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


SPECIFICATION 


UNIT 


MIN 


TYP 


MAX 


Vdd 


Vdd Supply Range (32kHz/4MHz) 




2.6 




5.5 


V 


ISTBY(1) 


Standby Current 


FxTAL = 32kHz 

Pins 1-8,15-22 & 24 = Vdd 

Vdd = Vss. Vbackup = Vdd-3.ov 




2.0 


20 


mA 


ISTBY(2) 


Standby Current 


FXTAL = 4MHZ 

Pins 1-8,15-22 & 24 = Vdd 

Vdd = Vss; Vbackup = Vdd -3.ov 




20 


150 


mA 


IdD(1) 


Operating Supply Current 


FXTAL = 32kHz 

Read/Wnte Operation at 100Hz 




0.3 


1.2 


mA 


IdD(2) 


Operating Supply Current 


FxTAL = 32kHz 

Read/Write Operation at 1MHz 




1.0 


2.0 


mA 


V|L 


Input low voltage 


Vdd = 4.5V 






0.8 


V 


V|H 


Input high voltage 


Vdd = 4.5V 


3.5 






V 


Vol 


Output low voltage except INTERRUPT 


lOL = 1 emA 






0.4 


V 
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ICM7170 

ELECTRICAL CHARACTERISTICS (CONT.) 



AC CHARACTERISTICS (Ta = -40°c to +85X. Vdd= +5V ±10% D0-D7 Vbackup = Vdd Load 

Capacitance = 1 50pF, V|l = 0.4V, V|h = 3.5V unless othen/vise specified) 



O 
SI 



SYMBOL 


PARAMETER 






SPECIFICATION 


UNIT 


TEST CONUi 1 luno 


MIN 


TYP 


MAX 


Vqh 


Output high voltage except INTERRUPT 


lOH = 40bjuA 


2.4 






V 


l|L 


Input leakage current 


V|N = Vdd or Vss 


-10 


0.5 


+ 10 


iuA 


IQL 


Instate leakage current (D0-D7) 


Vo = VDDOrVss 


-10 


0.5 


+ 10 


fiA 


Vbattery 


Backup Battery Voltage 


FXTAL = 1. 2. 4MHz 


2.6 




3.2 


V 


Vbattery 


Backup Battery Voltage 


FXTAL = 32kHz 




2.0 


3.2 


V 


Vol 


Output low voltage INTERRUPT 


lOL = 1 emA 


INT SOURCE 
connected 
to Vss 






0.4 


V 


lOL 




Vo = VDDOr Vss 




10 




mA 





SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


UNIT 


READ CYCLE TIMING ] 


trd 


FIEAD to DATA valid 




170 


250 


ns 


tacc 


ADDRESS valid to DATA valid 




200 


300 


ns 


tcyc 


READ cycle time 


400 






ns 


trx 


RD high to bus tristate 




85 


100 


ns 


tas 


ADDRESS to READ set up time* 




100 




ns 


tar 


ADDRESS HOLD time after READ* 









ns 


tri 


READ pulse width, low* 


0.25 




9,000* 


/us 


•Guaranteed Parameter by Design (Not 100% Tested) | 


WRITE CYCLE TIMING 


MIN 


TYP 


MAX 


UNIT 


tad 


ADDRESS valid to WRITE strobe 


100 






ns 


twa 


ADDRESS hold time for WRITE 









ns 


twi 


WRITE pulse width, low 


100 






ns 


tdw 


DATA IN to WRITE set up time 


100 






ns 


twd 


DATA IN hold time after WRITE 


30 


10 




ns 


tcyc 


WRITE cycle time 


400 






ns 


MULTIPLEXED MODE TIMING 


MIN 


TYP 


MAX 


UNIT 


til 


ALE Pulse Width, High 


50 






ns 


tal 


ADDRESS to ALE set up time 


30 






ns 


tia 


ADDRESS hold time after ALE 


30 






ns 
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Figure 3: Timing Diagrams — Nonmultiplexed Bus 



Note: All typical values have been guaranteed by charactenzation and are not tested. 



ICM7170 



O 



READ CYCLE TIMING FOR MULTIPLEXED BUS (WR = 1) 
A0-A4.O0-D7 CS < ADDRESS VALID. C§ LOW ^ — . — — — ^ ^ 



ALE 



RD 



\. 



■^ — ta» »^^ 



OUTPUT DATA VALID 



> — 



J 



WRITE CYCLE TIMING FOR MULTIPLEXED BUS (RD = 1) 



A0-A4. DQ-D7 CS 



•-< 



ADDRESS VALID, CS LOW 



N. 



^ — — ^ IMPUT DATA VALID ^ — — 



WR 



N— "— ^ 



NOTE: The AO to A4 address inputs may be connected to the DO to D4 data lines when a rpultiplexed bus is used. 

Figure 4: Timing Diagrams — Multiplexed Bus 
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Table 1 



SIGNAL 


PIN 


DESCRIPTION 


WR 


1 


Write input 


ALE 


2 


Address latch enable input 


CS 


3 


Chip select bar input 


A4-A0 


4-8 


Address inputs 


OSC OUT 


9 


Oscillator output 


OSC IN 


10 


Oscillator input 


INT SOURCE 


11 


Interrupt common 


INTERRUPT 


12 


Interrupt output 


Vss(GND) 


13 


Digital common 


Vbackup 


14 


Battery negative side 


D0-D7 


15-22 


Data I/O 


Vdd 


23 


Positive digital supply 


RD 


24 


Read input 



DETAILED DESCRIPTION 
Oscillator 

This circuit uses a standard CMOS Pierce oscillator, for 
maximum accuracy, stability, and low-power consumption. 
Externally, one crystal and two capacitors are required. One 
of the capacitors is variable and is used to trim or tune the 
oscillator output. Typical values for these capacitors are 
C|N = 18pF and Cqut = 10-35pF, or approxinriately dou- 
ble the recommended Clqad for the crystal being used. 
Both capacitors must be connected from the respective 
oscillator pins to Vdd ^or maximum stability. 

The oscillator output is divided down to 4000Hz by one of 
four selected ratios, via a variable prescaler. The ICM7170 
can use any one of four different low-cost crystals: 
4.194304MHz, 2.097152MHz, 1. 048576MHz, or 32.768kHz. 
The command register must be programmed for the fre- 
quency of the crystal chosen, and this in turn will determine 
the prescaler' s divide ratio. 

Command Register frequency selection Is written to the 
DO and D1 bits at address 1 1 H and the 1 2 or 24 hour format 
is determined by bit D2, as shown In Table 4. 



The 4000Hz signal is divided down further to 100Hz, 
which is used. as the clock for the counters. Time and 
calendar information is provided by 8 consecutive address- 
able, programmable counters: tOOths of seconds, seconds, 
minutes, hours, day of week, date, month, and year. The 
data is in binary format and is configured into 8 bits per digit. 
See Table 4 for address information. Any unused bits are 
held at logic "0" during a read and ignored during a wrlt^ 
operation. 

Compare Interrupts 

On the chip are 51 bits of Alarm Compare RAM grouped 
into words of different lengths. These are used to store the 
time, ranging from 1 0Oths of seconds to years, for compari- 
son to the real-time counters. Each counter has a corre- 
sponding RAM word. In the Alarm Mode an interrupt is 
generated when the current time is equal to the alarm time. 
The RAM contents are compared to the counters on a word 
by word basis. If a comparison to a particular counter is 
unnecessary, then the appropriate 'M' bit in Compare RAM 
should be set to logic "1". 

The 'M' bit, referring to Mask bit, causes a particular RAM 
word to be masked off or ignored during a compare. Table 4 
shows addresses and Mask bit information. 

Periodic Interrupts 

The interrupt output can be programmed for 6 periodic 
signals: lOOHz, 10Hz, once per second, once per minute, 
once per hour, or once per day. 'The lOOHz Interrupt, 
10Hz Interrupt and the hundreths of a second counter 
have instantaneous errors of ±2.5%, ±0.15% and 
± 2.5% respectively; the time average, however, is zero." 
These can occur concurrently and in addition to Alarm 
Interrupts. Both the Periodic and the Alarm Interrupts are 
controlled by the Interrupt Mask Register. The desired 
interrupt is enabled by writing a logic "1" to the ap- 
propriate bit, as shown In Table 5. 

The Interrupt Status Register, when read, indicates the 
cause of the interrupt and resets itself on the trailing edge of 
the read pulse. Once one or more bits have been set in the 
Mask Register, a roll-over in a corresponding counter will 
strobe the appropriate bit in the Interrupt Status Register. 
The interrupt pin (#12) is then pulled to the potential of the 
interrupt source pin (# 1 1) through an internal open-drain N- 
channel MOSFET. This facilitates wire-ORing the ICM7170 
with other interrupt generators that must be connected to 
the system MPU. 



Table 2: Command Register Format 



COMMAND REGISTER ADDRESS (10001b, 11h) WRITE-ONLY 


D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 


n/a 


n/a 


Test 


Int. 


Run 


12/24 


Freq 


Freq 



Table 3: Command Register Bit Assignments 



D1 


DO 


CRYSTAL 
FREQUENCY 


D2 


24/12 HOUR 
FORMAT 


D3 


RUN/STOP 


D4 


INTERRUPT 
ENABLE 


D5 


TEST BIT 








32.768kHz 





12 hour mode 





Stop 





Interrupt 
disabled 





Normal 
Mode 





1 


1.048576MHz 


1 


24 hour mode 


1 


Run 


1 


Interrupt enable 


1 


Test Mode 


1 





2.097152MHz 


















1 


1 


4.194304MHz 
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Table 4: Address Codes and Functions 












ADDRESS 


FUNCTION 


DATA 


VALUE 






























A4 


A3 


A2 


A1 


AO 


HEX 




D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 



















00 


Counter-1/100 seconds 


_ 
















0-99 
















01 


Counter-hours 
12 Hour Mode 


; 


- 


- 












0-23 
1-12 
















02 


Counter-minutes 


_ 


_ 














0-59 















03 


Counter-seconds 


_ 


_ 














0-59 








1 







04 


Counter-month 


_ 


_ 


_ 


_ 










1-12 








1 






05 


Counter-date 


_ 


_ 


_ 












1-31 








1 







06 


Counter-year 


_ 
















0-99 








1 






07 


Counter-day of week 


- 


- 


- 


- 


- 








0-6 















08 


RAM-1/100 seconds 


M 
















0-99 














09 


RAM-hours 
12 hour Mode 


- 


M 
M 


- 


: 










0-23 
1-12 















OA 


RAM-minutes 


M 


_ 














0-59 














OB 


RAM-seconds 


M 


_ 














0-59 







1 







OC 


RAM-month 


M 


_ 


_ 


_ 










1-12 







1 






OD 


RAM-date 


M 


_ 


_ 












1-31 







1 







OE 


RAM-year 


M 
















0-99 







1 






OF 


RAM-day of week 


M 


_ 


- 


_ 


_ 








0-6 


1 














10 


Interrupt Status 
and Mask Register 


-1- 


















1 













11 


Command register 


- 


- 

















Address 10010 to 11111 ( 12h to IFh) are unused 

'+' Unused bit for Interrupt Mask Register, MSB bit for Interrupt Status Register 

'-' Indicates unused bits. 

'*' AM/PM indicator bit in 12 hour format. Logic "0" indicates AM, logic "1" indicates PM 

'M' Alarm compare for particular counter will be enabled if bit is set to logic "0". 

Table 5: Interrupt and Status Registers Format 



INTERRUPT MASK REGISTER ADDRESS (10000b, lOh) WRITE-ONLY 


D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 


n/a 


Day 


Hour 


Mm. 


Sec. 


1/10 sec. 


1/100 sec. 


Alarrri 




INTERRUPT STATUS REGISTER ADDRESS (10000b, lOh) READ-ONLY 


D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 


Int 


Day 


Hour 


Mm. 


Sec. 


1/10 sec. 


1/100 sec. 


Alarm 



SI 



Interrupt Operation 

The interrupt output N-channel MOSFET is active at all 
times when the Interrupt Enable bit is set (bit 4 of the 
Command Register), and operates in both the standby and 
battery backup modes. 

Since system power is usually applied between Vdd £ind 
Vss, the user can connect the Interrupt Source (pin # 11 ) to 
Vss- This allows the Interrupt Output to turn on only while 
system power is applied and will not be pulled to Vss during 
standby operation. If interrupts are required only during 
standby operation, then the interrupt source pin should be 
connected to the battery's negative side (VbacKUP)- •" this 
configuration, for example, the interrupt could be used to 
turn on power for a cold boot. 

Power-Down Detector 

The ICM7170 contains an on-chip power-down detector 
that eliminates the need, for external components for the 
battery back-up function. Whenever the voltage from the 
Vbackup pin to the Vss pin is less than approximately 
1 .OVolt, the chip automatically switches to battery backup 
operation. Until power is restored, operation is limited to 
time counting and interrupt generation only. All other 
functions are disabled to achieve micropower standby 
power and to preserve time integrity. 



If standby battery operation is not required the Vbackup 
should be connected to Vdd- 

APPLICATION NOTES 
Time Synchronization 

Time synchronization is achieved through bit D3 of the 
Command Register, which is used to enable or disable the 
100Hz clock from the counters. A logic "1" allows the 
counters to function and a logic "0" disables the counters. 
To accurately set the time, a logic "0" should be written into 
D3 and then the desired times entered into the appropriate 
counters. The clock is then started at the proper time by 
writing a logic "1" into D3 of the Command Register. 

Latched Data 

To prevent ambiguity while the processor is gathering 
data from the registers, the ICM7170 incorporates data 
latches and a transparent transition delay circuit. 

By accessing the 1 0Oths of seconds counter an internal 
store signal is generated and data from all the counters is 
stored into a 36-bit latch. A transition delay circuit will delay 
a 100Hz transition during a READ cycle until the internal 
store operation is completed. The data stored by the 
latches is then available for further processing until the 
lOOths of seconds counter is read again. 
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S ICM7170 



+ 5V 25 — r 



R/W 



18' 



I/O SELECT 1 
A4 6 



A3 
A2 
A1 
AO 



IRQ 



1/6 74HC04 

— >— 1 



-COUT 
10-35pF 



I ri I CRYSTAL 



30- 



--wr[I 

ALEQ 

cs[2 

M[2 

— A3C 

— A2[: 

AlC 

AOC 

-OSCOUT[[ 
-OSC IN C. 



CiN I — ||\|T SOURCE \2 



18pF 



INTERRUPT \2 



ICM7170 



Urd— ' 
HVdd- 

307- 
JD6— 
2]D5-~ 
30^ — 
I]03— - 
I]D2— 
1 Di- 
ll DO 



U V (BACKUP)- 
3 Vss (GND)- 



42 
43 

■ 44 

■ 45 
46 

■ 47 
- 48 
• 49 

26 



07 
06 
05 
04 
03 
02 
01 
00 

GNO 



■■=r BATTERY 



Figure 5: Apple 11 Plus Board Schematic 



Control Lines 

The RD, WR, and CS signals are active low inputs. Data 
is placed on the bus from counters or registers when RD is 
a logic "0". Data is transferred to counters or registers 
when WR is a logic "0". RD and WR must be accompanied 
by a logical "0" CS as shown in Figures 3 and 4. 

With the ALE (Address Latch Enable) input, the ICM7170 
can be interfaced directly to microprocessors that use a 
multiplexed address/data bus by connecting the address 
lines A0-A4 to the data lines D0-D4. To address the chip, 
the address is placed on the bus and ALE is strobed. On the 
falling edge, the address and CS information is read into the 
address latch and buffer. RD and WR are used in the same 
way as on a non-multiplexed bus. If a non-multiplexed bus is 
used, ALE should be connected to Vdd- 

Test Mode 

The test mode is entered by setting D5 of the Command 
Register to a logic "1 ". This connects the 100Hz pulse train 
to the seconds counter, and speeds up the counting 
functions. 

Oscillator Tuning 

Oscillator tuning should not be attempted by direct 
monitoring of the oscillator pins, unless very specialized 
equipment is used. External connections to the oscillator 
pins cause capacitive loading of the crystal, and shift the 
oscillator frequency. As a result, the precision setting being 
attempted is corrupted. One indirect method of determining 
the oscillator frequency is to measure the period between 
interrupts on the Interrupt Output pin (#12). This m easure- 
ment must be relative to the falling edges of the INTER- 
RUPT pin. The oscillator set-up and tuning can be per- 
formed as follows: 

1) Select one of 4, readily-available oscillator 
frequencies and place the crystal between OSC IN 
(pin #10) and OSC OUT (pin #9). 



2) Connect a fixed capacitor from OSC IN to Vdd- 

3) Connect a variable capacitor from OSC OUT to Vdd- 
In cases where the crystal selected is a 32kHz 
Statek type (Cl = 9pF), the typical value of 
C|N = 18pF and Cqut = 10-35pF. 

4) Place a 5K!:2 resistor from the INTERRUPT pin to 
Vdd. and connect the INT SOURCE pin to Vss- 

5) Apply 5V power and insure the clock is not in 
standby mode. 

6) Write all O's to the Interrupt Mask Register, disabling 
all interrupts. 

7) Write to the Command Register with the desired 
oscillator frequency, Hours mode (12 hour or 24 
hour), Run = "1", Interrupt Enable = "1", and 
Test==;"0". 

8) Write to the Interrupt Mask Register, enabling one- 
second interrupts only. 

9) Monitor the INTERRUPT output pin with a precision 
period counter and trim the OSC OUT capacitor for a 
reading of 1.000000 seconds. The period counter 
must be triggered on the falling edge of the interrupt 
output for this measurement to be accurate. 

10) Read the Interrupt Status Register. This action 
resets the interrupt output back to a logic "1" level. 

11) Repeat steps 9 and 10 with a software loop. A 
suitable computer should be used. 

CIRCUIT APPLICATIONS 
Apple II Plus Real-Time Clock 

Figure 5 shows the schematic of a board, using the 
ICM7170, that has been fabricated to plug into a slot in an 
Apple II Plus microcomputer. Very few external components 
are needed on the board to provide an interface to the 
Apple's 6502 MPU. 
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IM4702/4712 

Baud Rate Generator 

GENERAL DESCRIPTION 

The IM4702/12 Baud Rate Generators provide neces- 
sary clock signals for digital data transmission systerhs, 
such as UARTs, using a 2.4576MHz crystal oscillator as an 
input. They control up to 8 outputxchannels and can be 
cascaded for output expansion. 

Output rate is controlled by four digital input lines, and 
with the specified crystal, is selectable from "zero" through 
9600 Baud. In addition, 19200 Baud is possible via hardwir- 
ing. 

Multi-channel operation is facilitated by making the clock 
frequency and the -^-8 prescaler outputs available externally. 
This allows up to eight simultaneous Baud rates to be 
generated. 

The IM4712 is identical to the IM4702 with the exception 
that the IM4712 integrates the oscillator feedback resistor 
and two load capacitors on-chip. 

ORDERING INFORMATION 




FEATURES 

• Provides 14 Most Commonly Used BAUD Rates 

• On-Chip Oscillator Requires Only One External 
Part (IM4712) 

• Controls Up to Eight Transmission Channels 

• TTL Compatible Outputs Will Sink 1.6mA 

• Uses Standard 2.4576MHz Crystal 

• Low Power Consumption: 5.5mW Guaranteed 
Maximum Standby 

• Pin and Function Compatible With 4702B and 
HD-4702 

• Inputs Feature Active Pull-Ups 

PIN DESCRIPTION 



ORDER 
NUMBER 


TEMPERATURE 
RANGE 


PACKAGE 


IM4702IJE 


-40''C to +85X 


16-pin CERDIP 


IM4702IPE 


-40X to +85°C 


16-pin PLASTIC 


IM4712IJE 


-40X to +85'*C 


16-pin CERDIP 


IM4712IPE 


~40°C to +85°C 


16-pin PLASTIC 



SIGNAL 


PIN 


DESCRIPTION 


Q0-Q2 


1,2,3 


Prescaler Outputs 


ECP 


4 


Externa! Clock Enable Input 


CP 


5 


External Clock Input 


Ox 


6 


Crystal Output 


ix 


7 


Crystal Input 


Vss 


8 


Negative Supply 


Co 


9 


Clock Output 


z 


10 


Baud Rate Output 


So -S3 


14-11 


Baud Rate Select Inputs 


IM 


15 


Multiplexed Input 


Vdd 


16 


Positive Supply 



o 

10 

■A 

1^ 



->T-t>-1j \§^dM 



^>n~ 




MliTIAI ITATinu """"^ 



ri^ 



lyfiy 



CO 0« O1 O2 



1^4712 OSOUATOA C*CUIT j 



iS8Si 



i_LI 



4 O — , 

:5r 



7 



F^ j 



CP * 1M O 
MR 

— y 



3 M 

4 134 S 



10 1«M 

laoo 



-t:^' 



QoC 


1 


^ 


16 


13 VDD 


QiC 


2 




15 


Hill 


OslZ 




1 


14 


DSo 


icptZ 




13 


=lSi 


CPC 




^ 


12 


HS2 


OxC 




M 


11 


13 S3 


ixC 






10 


DZ 


vssC 






9 


Deo 










CD03341I 



Figure 1: Functional Diagram 



Figure 2: Pin 

Configuration 

(Outline drawings 

JE, PE) 



9-9 

Note- All typical values have been guaranteed by characterization and are not tested 



002 
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O 



ABSOLUTE MAXIMUM RATINGS 

Supply Voltage (Vdd-Vss) +8.0V 

Input or Output Voltage Vss -0.3V to Vdd + 0-3V 

NOTE: Stresses above those listed under "Absolute Maximum Ratings'' may cause permanent damage to the device. These are stress ratings only and 
functional operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. 
Exposure to absolute maxipiurn rating conditions for extended periods may affect device reliability. 



Storage Temperature Range - 65°C to + 1 50°C 

Operating Temperature Range -40X to +85°C 



ELECTRICAL CHARACTERISTICS 

DC CHARACTERISTICS Vdd- +5V±io% Vss = ov. Ta = 



-40°C to +85°C 



SYMBOL 






TEST CONDITIONS 


LIMITS 


UNIT 


PARAME 1 CK 


MIN 


MAX 


V|H 


Input Voltage High 




70% Vcc 




V 


V|L 


Input Voltage Low 






30% Vcc 


l|H 


Input Current 
High 


Other Inputs 


V|N = Vdd 

All Other pins grounded 




+ 1 




Ix 4712 




+ 10 


l|L 


Input Current 
Low 


Ix 4702 


Pin under test at ground 
All other Inputs at Vqd 




-1 


MA 


Ix 4712 


' 


+ 10 


Other Inputs 


-15 


-100 


VOH 


Output Voltage High 


Iqh < -1mA; Inputs at Vss or 
Vdd 


VDD-.05 




V 


Vol 


Output Voltage Low 


l0L< +1mA; Inputs at Vss or 
Vdd 




0.05 


lOH 


Output Current 
High 


Ox 


Inputs at Vss or Vdd 
Vo = Vdd-.^ 


-0.1 




mA 


All other 
Outputs 


-0.3 




Vo= +2.5V 


-1.0 




IQL 


Output Current 
Low 


Ox 


Vo = 0.4; Inputs at Vss or Vdd 


-0.1 




All other 
Outputs 


1.6 




'stby 


Quiescent Supply Current 


Ecp = Vdd;CP = Vss 

All other Inputs = Vss or Vdd. 
All outputs open 




1.0 
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IM4702/4712 

AC CHARACTERISTICS Vdd= +5V Vss = ov, Ta = 25'>c 



SYMBOL 






TEST CONDITIONS 


LIMITS 


UNIT 


PARAMt 1 tM 


MIN 


MAX 


tplh(4702) 


Propagation delay^^^ Ix to CO 


Cl (except Ox) = 50pF 
Cl(Ox) = 7pF 

Rl = 200k^ 

Input 

Transition times < 20ns 
Input low = 1.0V 
Input high = Vcc-10V 




350 


ns 


tphl(4702) 




275 


tplh(4712) 




350 


tpll(4712) 




275 


tplh 


Propagation delay^^^ CP to CO 




260 


tphi 




220 


tplh 


Propagation delay^^\ CO to Qp 




(2) 


tphI 




(2) 


tplh 


Propagation delay^^^ CO to Z 




85 


tphI 




75 


ttlh 


Output Transition Time, ^""^ 
(except Ox) 




160 


tthi 




75 


ts 


Set Up Time 


Select to CO 


350 




Im to CO 


350 




th 


Hold TimiB 


Select to CO 







Im to CO 







twCP(L) 


Clock pulse width^^^ 


120 




twCP(H) 


120 




twlx(L)(4702) 




160 




twlx(H)(4702) 


Ix Pulse Width 


160 




twlx(l-)(4712) 


190 




twlx(H)(4712) 






190 





O 
10 

10 



NOTES: 1. Propagation delays and output transition times will vary with output load capacitance. 

2. For multichannel operation, propagation delay (CO to Qp) plus set-up time (Select to CO) is guaranteed to be less 
than 367ns for the IM4702/12. 

3. The first high level clock pulse after Ecp goes low must be at least 200ns wide to ensure reseting of all counters. 

4. For design reference only, not 100% tested. 
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^ IM4702/4712 



N 

O 
N 



CP/lx 



CO- 






iM/Sn 




Kv 






■50% 
•-th 



"\ /' 



1 



tpih 

90%,- 
10%^ 



lov S?o% y 

4iXl |\jo% X 

^k -IF 

ttlh tthi 

Figure 3: Switching Waveforms 



FUNCTIONAL DESCRIPTION 

Digital data transmission systems employ a wide range of 
standardized bit rates, ranging from 50 baud (for electrome- 
chanical devices) to 9600 baud (for high speed modems). 
Modern electronic systems comrtionly use Universal Asyn- 
chronous Receiver and Transmitter circuits (UARTs) to 
convert parallel data inputs into a serial bit stream (transmit- 
ter) and to reconvert the serial bit stream into parallel 
outputs (receiver). In order to resynchronize the incoming 
serial data, the reciever requires a clock rate which is a 
multiple of the incoming bit rate. Popular MOSLSI DART 
circuits use a clock that is 1 6 times the transmitted bit rate. 
The IM4702/12 can generate 14 standard clock rates from 
one common high frequency input. 

The IM4702/12 contains the following five function 
subsystems. 

Oscillator — For conventional operation generating 16 
output clock pulses per bit period, the input clock frequency 
must be 2.4576MHz (i.e. 9600 baud x 16 x 16, since the 
scan counter and the first flip-flop of the counter chain act 
as an internal -^■ 16 prescaler). A lower input frequency will 
result in a proportionally lower output frequency. 

The IM4702/12 can_be driven from two alternate clock 
sources: (1) When the Ecp (External Clock Enable) input is 
LOW, the CP input is the clock source. (2) When the Ecp 
input is HIGH, a crystal connected between Ix and Ox, or a 
signal applied to the !x input, is the clock source. 

Prescaler (Scan Counter) — - The clock frequency is made 
available on the CO (Clock Output) pin and is applied to the 
^ 8 prescaler with buffered outputs Qq, Qi, and Q2. 



Table 1: Clock Modes and Initialization 



ix 


Ecp 


CP 


OPERATION 


Jinjir 

X 
X 
X 


H 
L 
H 
L 


imnr 

H , 
J-L 


Clocked from Ix 
Clocked from CP 
Continuous Reset 
Reset During First 
CP = HIGH Time 



H 

L 

X 

J-L 

imnr 



HIGH Level 

LOW Level 

Don't Care 

1st HIGH Level Clock Pulse 

After Ecp Goes LOW 

Clock Pulses 



Counter Network — The prescaler output Q2 Is a square 
wave of 1 /8 the input frequency, and is used to drive the 
frequency counter network generating 13 standardized 
frequencies. Note that the frequencies are labeled in the 
block diagram and described in terms of the transmission 
bit rate. In a conventional system using a 2.4576MHz clock 
input, the actual output frequencies are 16, times higher. 

The output from the first frequency divider flip-flop is thus 
labeled 9600, since it is used to transmit or receive 9600 
baud (bits per second). The actual frequency at this node is 
16 X 9.6kHz = 153.6kHz. Seven more cascaded binaries 
generate the appropriate frequencies for bit rates 4800, 
2400, 1200, 600, 300, 150, and 75. 
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IM4702/4712 



The other five bit rates are generated by individual 
counters: 

bit rate 1200 is divided by 6 to generate bit rate 

200, 

bit rate 200 |s divided by 4 to generate bit rate 50, 

bit rate 2400 is divided by 18 to generate bit rate 

134.5 with a frequency error of -0.87%, 

bit rate 2400 is also divided by 22 to generate bit 

rate 110 with a frequency error of -0.83%, and 

bit rate 9600 is divided by 16/3 to generate bit rate 

1800. 

The 1 6/3 division is accomplished by alternating the divide 
ratio between 5 (twice) and 6 (once). The result is an exact 
average output frequency with some frequency modulation. 
Taking advantage of the ^ 16 feature of the UART, the 
resulting distortion is less than 0.78% regardless of the 
number of elements m a character, and therefore well within 
the timing accuracy specified for high speed communica- 
tions equipment. All signals except 1800, have a 50% duty 
cycle. 

Output Multiplexer — The outputs of the counter network 
are fed to a 16-input multiplexer, which is controlled by the 
Rate Select inputs (Sq - S3). The multiplexer output is then 
resynchronlzed with the incoming clock in order to cancel 
ail cumulative delays and to present an output signal at the 
buffered output (Z) that is synchronous with the prescaler 
outputs (Qo-Q2)- Table 2 lists the correspondance be- 
tween select code and output bit rate. Two of the 1 6 codes 
do not select an internally generated frequency, but select 
an input into which the user can feed either a different, 
nonstandardized frequency, or a static level (HIGH or LOW) 
to generate "zero baud". 

The bit rates most commonly used in modern data 
terminals (110, 150, 300, 1200, 2400 baud) require that no 
more than one input be grounded, easily achieved with a 
single pole, 5-position switch. 2400 baud is selected by two 
different codes, so that the whole spectrum of modern 
digital communication rates has a common HIGH on the S3 
input. 

Initialization (Reset) — The initialization circuit generates 
a common master reset signal for all flip-flops In the 
IM4702/12. This signal is derived from a digital differentia- 
tor that senses the first HIGH level on the CP input after the 
Ecp input goes LOW. Upon initialization, all counters are 
reset and all outputs will be in the LOW state. When Ecp is 
HIGH, selecting the Crystal input, CP must be LOW; a HIGH 
level on CP would apply a continuous reset. 

All inputs to the 4702/12 except Ix have on-chip pull-up 
circuits; the Ix input of the 4712 has a high value resistor 
tied to Ox- 



Table 2: 


Truth Table for Rate Select Inputs 


S3 


S2 


Si 


So 


Output Rate (Z) 
Note 1 


L 


L 


L 


L 


Multiplexed Input (Im) 


L 


L 


L 


H 


Multiplexed Input (Im) 


L 


L 


H 


L 


50 Baud 


L 


L 


H 


H 


75 Baud 


L 


H 


L 


L 


134.5 Baud 


L 


H 


L 


H 


200 Baud 


L 


H 


H 


L 


600 Baud 


L 


H 


H 


H 


2400 Baud 


H 


L 


L 


L 


9600 Baud 


H 


L 


L 


H 


4800 Baud 


H 


L 


H 


L 


1800 Baud 


H 


L 


H 


H 


1200 Baud 


H 


H 


L 


L 


2400 Baud 


H 


H 


L 


H 


300 Baud 


H 


H 


H 


L 


150 Baud 


H 


H 


H 


H 


110 Baud 



o 

10 



10 



L = LOW Level 
H = HIGH Level 

Note 1: Actual output frequency is 16 times the indicated 
output rate, assuming a clock frequency of 
2.4576MHz. 



Table 3: Crystal Specifications 



PARAMETERS 


TYPICAL CRYSTAL SPEC 


Frequency 


2.4576MHz "AT" Cut 


Series Resistance 


250^ 


(Max) 




Unwanted Modes 


-6dB (Min) 


Type of Operation 


Parallel 


Load Capacitance 


32pF±0.5pF 



APPLICATIONS 

Single Channel Bit Rate Generator 

Figure 4 shows the simplest application of the IM4702/ 
1 2. This circuit generates one of five possible bit rates as 
determined by the setting of a single pole, 5-position switch. 
The Bit Rate Output (Z) drives one standard TTL load or 
four low power Schottky loads over the full temperature 
range. The possible output frequencies correspond to 1 00, 
1 50, 300, 1 200, and 2400 or 3600 Baud. For many low cost 
terminals, these five bit rates are adequate. 

This mode of operation is comnrionly chosen for applica- 
tions using industry standard 1402/6402 UARTs. 
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€^ 



N 
O 

1 



IM47d2/4712 




OUTPUT I 



SWITCH 
POSITION 


BIT RATE 


1 
2 
3 
4 
6 


110 Baud 
150 Baud 
300 Baud 
1200 Baud 
2400 Baud 



Figure 4: Switch Selectable Bit Rate 

Generator Configuration Providing 

Five Bit Rates 



Simultaneous Generation of Several Bit 
Rates 

Figure 5 shows a simple scheme that generates eight bit 
rates oh eight output lines, using one IM4702/12 and one 
93L34 Bit Addressable Latch. This and the following 
applications take advantage of the built-in scan counter 
(prescaler) outputs. As shown in the block diagram, these 
outputs (Qo to Q2) go through a complete sequence of eight 
states for every half-period of the highest output frequency 
(9600 Baud). Feeding these Scan Counter Outputs back to 
the Select inputs of the multiplexer causes the IM4702/12 
to sequentially interrogate the state of eight different 
frequency signals. The 93L34 Bit Addressable Latch, ad- 
dressed by the sahrie Scan Counter Outputs, reconverts the 
multiplexed single Output (Z) into eight parallel output 
frequency signals In the simple scheme of Figure 5, input 
S3 is left open (HIGH) and the following bit rates ^rjO 
generated: 



Qq: ,110 6aud 
Qi: 9600 Baud 
Q2: 4600 Baud 



Q3: 1800 Baud 
Q4: 1200 Baud 
Q5: 2400 Baud 



Qe: 300 Baud 
dy: 150 Baud 



Qther bit rate comt)inati9ns can be generated by chang- 
ing the Scan Counter to Selector interconnection or by 
inserting logic gates into this path. 



^im So S, Sj 83 




cqQq Qi Q2 z 



Jl. 



E 

93L34 
Qq Qi Q2 Q3 Q4 Q$ Qe Q7 



^1 11 II II 11 11 Sj §1 



Figure 5: Bit Rate Generator Configuration 
Witli Eight Simulataneous Frequencies 



19200 Baud Operation 

Though a 19200 Baud signal is not internally routed to 
the multiplexer, the IM4702/12 can be used to generate this 
bit rate by connecting the Q2 output to the Im input and 
applying select code. An additional 2-input NOR gate can 
be used to retain the "Zero Baud" feature on select code 1 
for the IM4702/12. (See Figure 6). 



9 




CP 



Im So Si S2 S3 



Ox 
CO Qq Qi Qg 2 



AF03880I 

Figure 6: 19200 Baud Operation 



* The 4712 may replace the 4702 in the above applications with the standard 2.4576MHz crystal. The two external capacitors and one resistor are not required 
when using the 4712. 
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X^ 



c^ ^ 
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2.4576 MHi 
CRYSTAL 



ttl 



'X IM4712 



Qq Ql Q2 Z 



T op Qi 
n 
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Figure 7: IM4712 Baud Rate Generator With IM6402 CMOS UART 
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iM6402/IM6403 

Universal Asynchronous 
Receiver Transmitter (UART) 



GENERAL DESCRIPTION 

The IM6402 and IM6403 are CMOS/LSI UARTs for 
interfacing computers or microproc0ssors to asynclironous 
serial data channels. The receiver converts serial start, 
data, parity and stop bits to parallel data verifying proper 
code transmission, parity, and stop bits. The transmitter 
converts parallel data into serial form and automatically 
adds start, parity, and stop bits. 

The data word length can be 5, 6, 7 or 8 bits. Parity may 
be odd or even, and parity checking and generation can be 
inhibited. The stop bits may be one or two (or one and one- 
half when transmitting 5 bit code). Serial data format is 
shown in Figure 8. 

The IM6402 and IM6403 can be used in a wide range of 
applications including modems, printers, peripherals and 
remote data acquisition systems. CMOS/LSI technology 
permits clock frequencies up to 4.0MHz (250K Baud), an 
improvement of 10 to 1 over previous PMOS UART 
designs. Power requirements, by comparison, are reduced 
from 670mW to 10mW. Status logic increases flexibility and 
simplifies the user Interface. 

The IM6402 differs from the IM6403 in the use of five 
device pins as indicated in Table 1 and Figure 4. 

ORDERING INFORMATION 




FEATURES 

• Low Power — Less Than lOmW Typ. at 2MHz 

• Operation Up to 4MHz Clock (iM6402A) 

• Programmable Word Length, Stop Bits and 
Parity 

• Automatic Data Formatting and Status 
Generation 

• Compatible With Industry Standard UARTs 
(IM6402) 

• On-Chip Oscillator With External Crystal (IM6403) 

• Operating Voltage—- 

IM6402-1/03-1: 5V 
IM6402A/03A: 4-1 IV 
IM6402/03: 5V 



ORDER CODE 


IM6402-1/03-1 


IM6402A/03A 


IM6402/03 


PLASTIC PKG 


IM6402-1/03-IPL 


IM6402/03AIPL 


IM6402/03IPL 


CERAMIC PKG 


IM6402-1/03-1IJL 


iM6402/03AIJL 


IM6402/03IJL 


MILITARY TEMP. 


IM6042-1/03-1MJL 


IM6402/03AMJL 


— 


MILITARY TEMP. 

WITH /Hi-Rel processing 


IM6402-1/03-1MJL/HR 


IM6402/03AMJL/HR 


— 



► TBRE " 



flRL- 



TRANSMITTER 

TIMING 

AND 

CONTROL 



TRANSMITTER BUFFER REGISTER | 

r — ' 



TRANSMITTER REGISTER 



MUCTIPLEXER 



X 



3 C 



CRL— L- 



r 



RECEIVER 

TIMING 

AND 

CONTROL 



> OR-iHj- 



MULTIPLEXER 



RECEIVER REGISTER 



RECEIVER BUFFER REGISTER 



)£ ♦ F£ t PE r RBR8 <MSB) ♦♦♦?♦♦♦ ♦ RBR1 (LSB) 



• These outputs are three state (IM6402) or always active (IM$403) 



Figure 1: Functional Diagram 
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IM6402/IM6403 



ABSOLUTE MAXIMUM RATINGS (IM6402/03) 

Operating Temperature Voltage On Any Input or Output Pin (Vss -0.3V) 

iM6402/03 (I)......... -40X to +85°C to (Vpo +0.3V) 

Storage Temperature Range -65X to 150°C Lead Temperature (Soldering, 10sec) 300X 

Supply Voltage (Vdd-Vss) +8.0V 

NOTE- Stresses above those listed under "Absolute Maximum Ratings" may cause permanent device failure. These are stress ratings only and functional 
operation of the devices at these or any other conditions above those indicated in the operation sections of this specification is not implied Exposure to 
absolute maximum rating conditions for extended periods may cause device failures 



0> 

o 

10 

i 

0) 



vooc 


!• ^ 


^ 40 


3* 


•C 


2 


39 


DEPE 


vssc 


3 


38 


3CLS1 


RRDC 


4 


37 


3CLS2 


RBR8C 


5 


36 


3SBS 


R8R7C 


6 


35 


3 PI 


RBR6 C 


7 


34 


DCRL 


R8RSC 


8 


33 


3TBR8 


RBR4C 


9 


32 


3TBR7 


RBR3C 


10 


31 


3TBR6 


RBR2C 


11 


30 


3T8R5 


RBR1C 


12 


29 


DT8R4 


PEC 


13 


28 


DT8R3 


FEC 


14 


27 


DT8R2 


DEC 


16 


26 


DTBRl 


SFDC 


16 


25 


3TRO 


♦c 


17 


24 


3TRE 


DRRC 


18 


23 


dTbrl 


ORC 


19 


22 


DT8RE 


RRIC 


20 


21 


DMR, 



Figure 2: Pin Configuration 



TABLE 1 



PIN 


IM6402 


IM6403 w/XTAL 


IM6403 w/EXT TTL CLOCK 


IM6402 w/EXT CMOS CLOCK 


2 
17 
19 
22 
40 


N/C 

RRC 

Tri-State 

Tri-State 

TRC 


Divide Control 

XTAL 
Always Active 
Always Active 

XTAL 


Divide Control 

External Clock Inpui 

Always Active 

Always Active 

Vss 


Divide Control 
No Connection 
Always Active 
Always Active 
External Clock Input 


DC ELECTRICAL CHARACTERISTICS (Vdd = 5.0V ±10% Vss = OV, Ta = Operating Temperature Range) 


SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN 


TYP2 


MAX 


UNIT 


ViH 


Input Voltage High 




Vdd -2.0 






V 


V|L 


Input Voltage Low 








0.8 


V 


ML 


Input Leakage ^1] 


VsS<V|n<Vdd 


-50 




5.0 


ma 


Vqh 


Output Voltage High 


l0ri== -0 2mA 


24 






V 


Vol 


Output Voltage Low 


lOL = 1 6mA 






45 


V 


Iqlk 


Output Leakage 


Vss ^ VoUT ^ Vdd 


-5.0 




50 


ma 


ISTBY 


Power Supply Current Standby 


ViN = Vss or Vdd 




1 


800 


mA 


iDD 


Power Supply Current IM6402 


fc = 500kHz 






1.2 


mA 


IDD 


Power Supply Current iM6403 


fcr/stal = 2 46MHz 






3.7 


mA 


C|N 


Input Capacitance [1] [3] 


Ta = 25°C 




70 


8.0 


PF 


Co 


Output Capacitance [1] [3] 


Ta = 25<'C 




8.0 


10.0 


PF 



NOTE: 1 Except IM6403 XTAL input pins (i.e. pins 17 and 40) 
? Vdd = 5V, Ta = 25°c 
3 These parameters are guaranteed but not 100% tested 
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IM6402/IM6403 



AC ELECTRICAL CHARACTERISTICS (Vdd = 5 0V ±10% Vss = 


DV, Ci. = 50pF, Ta = Operating Temperature Range) 


SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN 


TYP2 


MAX 


UNIT 


fc 


Clock Frequency IM6402 


See Timing Diagrams 
(Figures 4,5,6) 


D.C. 




1.0 


MHz 


^crystal 


Crystal Frequency IM6403 






2.46 


MHz 


tpw 


Pulse Widths CRL, DRR, TBRL 


225 


50 




ns 


tmr 


Pulse Width MR 


600 


200 




ns 


tds 


Input Data Setup Time 


75 


20 




ns 


tdh 


Input Data Hold Time 


90 


40 


' 


ns 


ten 


Output Enable Time 




80 


190 


ns 





PIN 17 


■~~ 




nnc 






TRC 


PIN 40 








N/C 


PIN 2 








OR- 


PIN 19 


<* 






* 




PIN 22 




1 








1 




PIN 16 





















TRANSMITTER REGISTER/ 
16X CLOCK / 



-zrr 



I DIVIDE CONTROL 
/ L ' DIVIDE BV 2048 - 
I H « DIVIDE BY 16 



J 



2* OR 2" 
DIVIDER 





PIN 19 


^ 




PIN 22 


<l 






V 


ccn- 


PIN 16 





Figure 3: Functional Difference Between IIVI6402 and Il\/I6403 UART 
(IM6403 has On-Chip 4/11 Stage Divider) 



The IM6403 differs fronn the IM6402 on three Inputs 
(RRC, TRC, pin 2) as shown in Figure 3. Two outputs 
(TBRE, DR) are not three-state as on the IM6402, but are 
always active. The on-chip divider and oscillator allow an 
inexpensive crystal to be used as a timing source rather 
than additional circuitry such as baud rate generators. For 
example, a color TV crystal at 3. 579545MHz results in a 
baud rate of 109.2Hz for an easy teletype interface (Figure 
12). A 9600 baud interface may be implemented using a 
2.4576MHz crystal with the divider set to divide by 16. 
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IM6402/IM6403 



(IM6402AI/AM, IM6403AI/AM) 
ABSOLUTE MAXIMUM RATINGS 

Supply Voltage (VpD-Vss) +12.0V 

Voltage On Any Input or Output Pin (Vss-0-3V) 

to (Vdd +0.3V) 



Operating Temperature Range 

IM6402AI/03AI -40°C to +85°C 

IM6402AM/03AM -55°C to +125X 

Storage Temperature Range - 65°C to 1 50°C 

Lead Temperature (Soldering, 10sec) 300X 

NOTE; Stresses above those listed under "Absolute Maximum Ratings" may cause permanent device failure. These are stress ratings only and functional 
operation of the devices at these or any other conditions above those indicated in the operation sections of this specification is not implied Exposure to 
absolute maximum rating conditions for extended penods may cause device failures. 



DC ELECTRICAL CHARACTERISTICS (Vdd = 4 0v to 11 ov Vss 


= OV,Ta = 


Operating Temperature Range) 


SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN 


TYP2 


MAX 


UNIT 


V|H 


Input Voltage High 




70% Vdd 






V. 


V|L 


Input Voltage Low 








10% Vdd 


V 


l|L - 


Input Leakage [1] [3] 


Vss<V|n<Vdd 


-1 




1.0 


HA 


Vqh ■ 


Output Voltage High 


lOH = 0mA 




Vdd-0.01 




V 


Vol 


Output Voltage Low 


lOL = OmA 




Vss + 0.01 




V 


Iqlk 


Output Leakage 


Vss^Vout^Vdd 


-1.0 




1.0 


iuA 


Ice 


Power Supply Current Standby 


ViN = Vss or Vdd 




5.0 


500 


mA 


Ice 


Power Supply Current IM6402A 


fcrystal = 4MHz 






9.0 


mA 


Ice 


Power Supply Current IM6403A 


fcrystal = 3 58MHz 






13.0 


mA 


C|N 


Input Capacitance [1] [3] 


Ta = 25°C 




7.0 


8.0 


PF 


Co 


Output Capacitance [1] [3] 


Ta = 25°C 




8.0 


10.0 


PF 



NOTE: 1. Except IM6403 XTAL input pins (i.e. pins 17 and 40). 

2. Vdd = 5V, Ta = 25°c 

3. These parameters are guaranteed but not 100% tested. 



AC ELECTRICAL CHARACTERISTICS (Vdd = ioov ±5% Vss = ov, 


Cl = 50pF, Ta = Operating Temperature Range) 


SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN 


TYP2 


MAX 


UNIT 


fc 


Clock Frequency IM6402A 


See Timing Diagrams 
(Figures 4,5,6) 


D.C. 




4.0 


MHz 


^crystal 


Crystal Frequency IM6403A 






60 


MHz 


tpw 


Pulse Widths CRL, DRR, TBRL 


100 


40 




ns 


tmr 


Pulse Width MR 


400 


200 




ns 


tds 


Input Data Setup Time 


40 







ns 


tdh 


Input Data Hold Time 


30 


30 




ns 


ten 


Output Enable Time 




40 


70 


ns 



0> 

o 

10 



0> 

o 



9-19 
Note: All typical values have been guaranteed by charactenzation and are not tested. 



o 

s 



CI 

S 



IM6402/IM6403 I 

(IM64Q2-1I/1M, IM6403-1I/1M) 
ABSOLUTE MAXIMUM RATINGS 

Supply Voltage (Vdd - Vss) + 8-OV Operating Temperature Range 

Voltage On Any Input or Output Pin (Vss -0.3V) IM6402-1 1/03-1 1 ~40X to +85°e 

to (Vdd + 0.3V) IM6402-1M/03-1M ^55°C to +125X 

Storage Temperature Range - 65°C to + 1 50°C 

Lead Temperature (Soldering, 10sec) 300°C 

NOTE: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent device failure. These are stress ratings only and functional 
operation of th6 devices at these or any other conditions above those indicated in the operation sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended penods may cause device failures. 

DC ELECTRICAL CHARACTERISTICS (Vdd = 5.0 ±10% Vss = OV, Ta = Operating Temperature Range) 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN 


TYP2 


MAX 


UNIT 


V|H, 


Input Voltage High 




Vdd-2.0 






V 


V|L 


Input Voltage Low 








0.8 


V 


l|L 


Input Leakage [1] [3] 


Vss^V,n<Vdd - 


-1.0 




1,0 


ma 


VOH 


Output Voltage High 


lOH == -0.2mA 


2.4 






V 


Vol 


Output Voltage Low 


lOL = 2.0mA 






0.45 


V 


•OLK 


Output Leakage 


Vss ^ VouT ^ Vdd 


-1.0 




1,0 


mA 


Ice . , 


Power Supply Current Standby 


V|N = Vss or Vdd 




1.0 


100 


mA 


Ice 


Pbwer Supply Current IM6402 Dynamic 


fc = 2MHz 






1.9 


mA 


Ice 


Power Supply Current IM6403 Dynamic 


fcryst9l = 3.58MHz 






5.5 


mA 


C|N 


Input Capacitance [1] [3] 


Ta = 25X 




7.0 


8.0 


PF 


Co 


Output Capacitance [1] [3] 


Ta = 25°C 




8.0 


10.0 


PF 



NOTE: 1. Except IM6403 XTAL input pins (i.e. pins 17 and 40). 

2. Vdd = 5V, Ta = 25°C. 

3. These parameters are guaranteed but not 100% tested. 



AC ELECTRICAL CHARACTERISTICS (Vdd = 5 0v ±io% Vss = ov. 


Cl = 50pF, Ta = Operating Temperature Range) 


SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN 


TYP2 


MAX 


UNIT 


fc 


Clock Frequency IM6402-1 


See Timing Diagrams 
(Figures 4,5,6) 


D.C. 




?o 


MHz 


^crystal 


Crystal Frequency iM6403-1 






3.58 


MHz 


tpw 


Pulse Widths CRL, DRR, TBRL 


150 


50 




ns 


tmr 


Pulse Width MR 


400 


200 




ns 


tds 


Input Data Setup Time 


50 


20 




ns 


tdh 


input Data Hold Time 


60 ■ 


40 




ns 


ten 


Output Enable Time 




80 


160 


ns 



TIMING DIAGRAMS 



— \jf V~ 

BR1 TBR8 Y VALID DATA If 



TBRL \^ 



J( 



-tds- 



*dh 



Figure 4: Data Input Cycle 



CLSI, CLS2. SBS, PI. £PE 



X VALID DATA V 



%. 



h-tds-^J 



*dh 



Figure 5: Control Register Load Cycle 
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IM6402/IM6403 



SFO OR RRD 



\ 



STATUS OR 
RER1 RBR8 



X 



VALID 
DATA 



ten 



Figure 6: Status Flag Enable Time 
or Data Output Enable Time 



Table 1: IM6402/3 Pin Description 



PIN 


SYMBOL 


DESCRIPTION 


1 


Vdd 


Positive Power Supply 


2 


IM6402-N/C 
IM6403-Control 


No Connection 
Divide Control 
High: 2^ (16) Divider 
Low: 2^'' (2048) Divider 


3 


Vss 


Negative Supply 


4 


RRD 


A high level oh RECEIVER 
REGISTER DISABLE forces the 
receiver holding register outputs 
RBR1-RBR8 to a high impedance 
state. 


5 


RBR8 


The contents of the RECEIVER 
BUFFER REGISTER appear on 
these three-state outputs. Word 
formats less than 8 characters 
are right justified to RBR1. 


6 


' RBR7 


See Pin 5~RBR8 


7 


RBR6 


See Pin 5 — RBR8 


8 


RBR5 


See Pin 5 — RBR8 


9 


RBR4 


See Pin 5 — RBR8 


10 


RBR3 


See Pin 5 — RBR8 


11 


RBR2 


See Pin 5 — RBR8 


12 


RBR1 


See Pin 5 — RBR8 


13 


PE 


A high level on PARITY ERROR 
indicates that the received parity 
does not match parity 
programmed by control bits. The 
output is active until parity 
matches on a succeeding 
character. When parity, is 
inhibited, this output is low. 


14 


FE 


A high level on FRAMING 
ERROR indicates the first stop bit 
was Invalid. FE will stay active 
until the next valid character's 
stop bit is received. 



PIN 


SYMBOL 


DESCRIPTION 


15 


OE 


A high level on OVERRUN 
ERROR indicates the data 
received flag was not cleared 
before the last character was 
transferred to the receiver buffer 
register. The Error is reset at the 
next character's stop bit if DRR 
has been performed (i.e., DRR: 
active low). 


16 


SFD 


A high level on STATUS FLAGS 
DISABLE forces the outputs PE, 
FE, OE, DR*, TBRE* to a high, 
impedance state. See Block 
Diagram and Figure 6. 

* IM6402 only. 


17 


IM6402-RRC 
IM6403-XTAL 


The RECEIVER REGISTER 
CLOCK IS 16X the receiver data 
rate. 


18 


DRR 


A low level on DATA RECEIVED 
RESET clears the data received 
output (DR), to a low level. 


19 


DR 


A high level on DATA RECEIVED 
indicates a character has been 
received and transferred to the 
receiver buffer register. 


20 


RRI 


Serial data on RECEIVER 
REGISTER INPUT is clocked into 
the receiver register. 


21 


MR 


A high level on MASTER RESET 
(MR) clears PE, FE, OE, DR, TRE 
and sets TBRE, TRO high. Less 
than 18 clocks after MR goes low, 
TRE returns high. MR does not 
clear the receiver buffer register, 
and is required after power-up. 


22 


TBRE 


A high level on TRANSMITTER 
BUFFER REGISTER EMPTY 
indicates the transmitter buffer 
register has transferred its data to 
the transmitter register and is 
ready for new data. 


23 


TBRL 


A low level on TRANSMITTER 
BUFFER REGISTER LOAD 
transfers data from inputs TBR1- 
TBR8 into the transmitter buffer 
register. A low to high transition 
on TBRL requests data transfer 
to the transmitter register. If the 
transmitter register is busy, 
transfer is automatically delayed 
so that the two characters are 
transmitted end to end. See 
Figure 4. 


24 


TRE 


A high level on TRANSMITTER 
REGISTER EMPTY indicates 
completed transmission of a 
character including stop bits. 
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Table 1: IM6402/3 Pin Description 
rCONT.) 


PIN 


SYMBOL 


DESCRIPTION 


25 


TRO 


Character data, start data and 
stop bits appear serially at the 
TRANSMITTER REGISTER 
OUTPUT. 


26 


TBR1 


Character data is loaded into the 
TRANSMITTER BUFFER 
REGISTER via inputs TBR1- 
TBR8. For character formats less 
than 8-bits, the TBR8, 7, and 6 
Inputs are ignored corresponding 
to the programmed word length. 


27 


TBR2 


See Pin 26 — TBR1 


28 


TBR3 


See Pin 26~TBR1 


29 


TBR4 


See Pin 26 — TBR1 


30 


TBR5 


See Pin 26 — TBR1 


31 


TBR6 


See Pin 26 — TBR1 


32 


TBR7 


See Pin 26 — TBR1 


33 


TBR8 


See Pin 26 — TBR1 


34 


CRL 


A high level on CONTROL 
REGISTER LOAD loads the 
control register. See Figure 5. 


35 


PI* 


A high level on PARITY INHIBIT 
inhibits parity generation, parity 
checking and forces PE output 
low. 


36 


SBS* 


A high level on STOP BIT 
SELECT selects 1.5 stop bits for 
a 5 character format and 2 stop 
bits for other lengths. 


37 


'CLS2* 


These inputs program the 
CHARACTER LENGTH 
SELECTED. (CLS1 low CLS2 low 
5-bits)(CLS1 high CLS2 low 6- 
bits)(CLS1 low CLS2 high 7- 
blts)(CLS1 high CLS2 high 8-bits) 


38 


CLS1* 


See Pin 37 — CLS2 


39 
40 


EPE* 

IM6402-TRC 
IM6403-XTAL 


When PI Is low, a high level on 
EVEN PARITY ENABLE 
generates and checks even 
parity. A low level selects odd 
parity. 

The TRANSMITTER REGISTER 
CLOCK is 16X the transmit data 
rate. 



TRANSiMiTTER OPERATiON 

The transmitter section accepts parallel data, formats it 
and transmits it in serial form (Figure 7) on the TROutput 
terminal. 



5-8 DATA BITS / 1, 1 1/2 OR 2 STOP BITS 
oTARTBIT. 1 1 


\ 1 1 1 ' 1 


rl- 












MSB 


\ 


1 1 

-PARITY 

AF02110I 


•IF ENABLED 

Figure 7: Serial Data Format 



Transmitter timing is shown in Figure 8. Data is loaded 
into the transmitter buffer register f rom t he inputs TBR1 
through TBR8 by a logic low on the TBRLoad input. Valid 
data must be pres ent at least tos prior to and tpH following 
the rising edge of TBRL. If words less than 8 bits are used, 
only the least significant bits are used. The character is right 
ju stified into the least significant bit, TBR1. The rising edge 
of TBRL clears TBREmpty. to 1 clock cycles later, data is 
transferred to the transmitter register, TREmpty is cleared 
and transmission starts. TBREmpty is reset to a logic high. 
Output data is clocked by TRCIock, which is 16 times the 
data rate. A second pulse on TBRLoad loads data into the 
transmitter buffer register. Data transfer to the transmitter 
register is delayed until transmission of the current charac- 
ter is complete. Data is automatically transferred to the 
transmitter register and transmission of that character 
begins. 



TRE 
TRO 



— -jH h — TO 1 CLOCKS 



II 




Figure 8: Transmitter Timing (Not to Scale) 



*$ee Table 2 (Control Word Function) 
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Table 2: Control Word Function 



CONTROL WORD 


DATA BITS 


PARITY BIT 


STOP BIT(S) 












CLS2 


CLS1 


PI 


EPE 


SBS 










L 


L 


L 


L 


5 


ODD 


1 




L 


L 


L 


H 


5 


ODD 


1.5 




L 


L 


H 


L 


5 


EVEN 


1 




L 


L 


H 


H 


5 


EVEN 


1.5 




L 


H 


X 


L 


5 


DISABLED 


1 




L 


H 


X 


H 


5 


DISABLED 


1,5 




H 


L 


L 


L 


6 


ODD 


1 




H 


L 


L 


H 


6 


ODD 


2 




H 


L 


H 


L 


6 


EVEN 


1 




H 


L 


H 


H 


6 


EVEN 


2 




H 


H 


X 


L 


6 


DISABLED 


1 




H 


H 


X 


H 


6 


DISABLED 


2 


H 




L 


L 


L 


7 


ODD 


1 


H 




L 


L 


H 


7 


ODD 


2 


H 




L 


H 


L 


7 


EVEN 


1 


H 




L 


H 


H 


7 


EVEN 


2 


H 




H 


X 


L 


7 


DISABLED 


1 


H 




H 


X 


H 


7 


DISABLED 


2 


H 


H 


L 


L 


L 


8 


ODD 


1 


H 


H 


L 


L 


H 


8 


ODD 


2 


H 


H 


L 


H 


L 


8 


EVEN 


1 


H 


H 


L 


H 


H 


8 


EVEN 


2 


H 


H 


H 


X 


L 


8 


DISABLED 


1 


H 


H 


H 


X 


H 


8 


DISABLED 


2 



o 



0) 

O 
CO 



X = Don't Care 

RECEIVER OPERATION 

Data is received in serial form at the Rl input. When no 
data is being received, Rl input must remain high. The data 
is clocked by the RRGIock, which is 16 times the data rate. 
Receiver timing is shown in Figure 9. 





SEC 


SINNING OF FIRST STOP BIT^^ 


"*-7 1/ 


2 CLOCK CYCLES 


-."'"11 


DATA 1 


1 


' 


1 




RBR1-8,0E, PE 




: 








Bm. ^ 


J 






DR 


1 


^ 














FE 




J 


f 




> 


k 


i ( 


-• 1 CLOCK 

' CYCLE 



Figure 9: Receiver Timing (Not to Scale) 



logic high on FError indicates an invalid stop bit was 
received. The receiver will not begin searching for the next 
start bit until a stop bit Is received. 

START BIT DETECTION 

The receiver uses a 16X clock for timing. (See Figure 10.) 
The start bit (A) could have occurred as much as one clock 
cycle before it was detected, as indicated by the shaded 
portion. The center of the start bit is defined as clock count 
7V2. If the receiver clock is a symmetrical square wave, the 
center of the start bit will be located within + 1 /2 clock cycle, 
±1/32 bit or ±3.125%. The receiver begins searching for 
the next start bit at the center of the first stop bit. 



A low level on DR Reset clears the DReady line. During 
the first stop bit, data is transferred from the receiver 
register to the RBRegister. If the word is less than 8 bits, the 
unused most significant bits will be a logic low. The output 
character is right justified to the least significant bit RBR1 . A 
logic high on OError indicates an overrun which occurs 
when DReady has not been cleared before the present 
character was transferred to the RBRegister. A logic high 
on PError indicates a parity error. 1/2 clock cycle later, 
DReady is set to a logic high and FError is evaluated. A 



' JxrLrLnjinjTJXJij:Ln 



COUNT 7 1/2 
DEFINED 
CENTER OF 
START BIT 



-7 1/2CLOCKCYCLES- 



-8 1/2 CLOCK CYCLES - 



Figure 10: Start Bit Timing 



TYPICAL APPLICATION 

Microprocessor systems, which are inherently parallel in 
nature, often require an asynchronous serial interface. This 
function can be performed easily with the IM6402/03 
UART. Figure 1 1 shows how the IM6402 can be interfaced 
to an IM80C48 microcomputer system. 
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In this example the characters to be received or transmit- 
ted will be eight bits long (CLS 1 and 2: both HIGH) and 
transmitted with no parity (PhHIGH) and two stop bits 
(SBS:HIGH). Since these control bits will not be changed 
during operation, Control Register Load (CRL) can be tied 
high. Remember, since the IM6402/03 is a CMOS device, 
all unused inputs should be tied to either Vqq or Vss- 

The baud rate at which the transmitter and receiver will 
operate is determined by the IM4702 Baud Rate Generator. 

To ensure consistent and correct operation, the IM6402/ 
03 must be reset after. power-up. The Master Reset (MR) 
pin is active high, and can be driven reliably from a Schmitt 
trigger inverter and R-C delay. In this example, the IM80C48 
is reset through still another Inverter. The Schmitt trigger 
between the processor and R-C network is needed to 



assure that a slow rising capacitor voltage does not re- 
trigger RESET. A long reset pulse after power-up (~20ms) 
Is required by the processor to assure that the on-board 
crystal oscillator has sufficient time to start. 

If parity is not inhibited, a parity error will cause the PE pin 
to go high until the next valid character is received. 

A framing error is generated when an expected stop bit is 
not received. FE will stay high after the error until the next 
complete character's stop bit is received. 

The overrun error flag is set if a received character Is 
transferred to the RECEIVER BUFFER REGISTER when 
the previous character has not been read. The QE pin w ill 
stay high until the next received stop bit after a DRR is 
performed. 



CMVL 



H»h 




p^o— 



XTAL XTAL 

IM4702 Co 

Si S2 Ss S4 

MM 
f ij i 



XTAL XTAL 



PlO 



Pit 



DBo.7 



■7^ 



-^ 



■tV- 



-A 



n 



w u 



TRC RRC EPE PI SBS 

SFD 

CRL 

TBRL 

TBRE 

OR 

DRR 

RRD 

TBRi4 

RBRi.« 
MR 



CLSi 
CLS2 



-+5 
-+5 



TRANSMIT 
" DATA 



RECEIVE 
DATA 



Figure 11: IM80C48 interface to il\/i6402 
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4096-Bit CMOS UV EPROM 

GENERAL DESCRIPTION 

The Intersil IM6653 and IM6654 are fully decoded 4096 
bit CMOS electrically programmable ROMs (EPROMs) 
fabricated with Intersil's advanced CMOS processing tech- 
nology. In all static states these devices exhibit the micro- 
watt power dissipation typical of CMOS. Inputs and three- 
state outputs are TTL compatible and allovy for direct 
interface with common system bus structures. On-chip 
address registers and chip select functions simplify system 
interfacing requirements. 

The IM6653 and IM6654 are specifically designed for 
program development applications where rapid turn-around 
for program changes is required. The devices may be 
erased by exposing their transparent lids to ultra-violet light, 
and then re-programmed. 

ORDERING INFORMATION 




FEATURES 

• Organization — IM6653: 1024x4 

IIM6654: 512x8 

• Low Power — 770mW Maximum Standby 

• High Speed 

-300ns 10V Access Time For iM6653/54 Al 
-4SQns 5V Access Time For IM6653/54-1I 

• Single +5V Supply Operation 

• UV Erasable 

• Synchronous Operation For Low Power 
Dissipation 

• Three-State Outputs and Ciiip Select for Easy 
System Expansion 



i 

Iff 
Q 

i 



PART 
NUMBER 


TEMPERATURE 
RANGE 


PACKAGE 


IM6653/4IJG 


-40°C to +85''C 


24-Pin GERDIP 


IM6653/4-1IJG 


-40''C to +85°C 


24-Pin GERDIP 


IM6653/4AUG 


-40X to +85*'C 


24-Pin GERDIP 


IM6653/4MJG* 


-55*^0 to +125*^0 


24-Pin GERDIP 


IM6653/4AMJG* 


-55°C to +125''C 


24-Pin GERDIP 



* Add /HR for HiRel processing 



OR 



! Ir 






-;-" 04 OR 



•DEC006R I 



J 



1 



ff 




BD00241I 

Figure 1: Functional Diagram 




Figure 2: Pin Configurations 
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ABSOLUTE MAXIMUM RATINGS (IM6653/54 I, -II, M) 



g Supply Voltages 

S Vdd-Vss +8.0V 

g Vcc-Vss... +8.0V 

g Input or Output Voltage ....(Vss -0.3V) to (Vdd +0.3V) 



Operating Range Range (Ta) 

Industrial ....-40°C to +85X 

Military... .....:.. -r55X to +125°C 

Stoi'age Temperature Range . . ' - 65*0 to + 1 50**C 

Lead Temperature (Soldering, lOsec) ....300°C 

NOTE: Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. 
Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 

DC ELECTRICAL CHARACTERISTICS 

(Vcc = Vdd = 5V ±10% Vss = OV, Ta = Operating Temperature Range) 



SYMBOL 


PARAMETER 


TEST 
CONDITIONS 


IM6653/54I, -11, M 


UNIT 


MIN 


MA^ 


V|H 


Logical "1" Input Voltage 


Ei,S 


Vdd -2.0 




V 


V|H 


Address Pins 


2.7 




V|L 


Logical "0" Input Voltage 






0.8 


h 


Input Leakage 


GND < V|N < Vdd 


-1.0 


1.0 


HA 


Vqh 


Logical "1" Output Voltage 


l0H= -0.2mA 


2.4 




V 


Vol , 


Logical "0" Output Voltage 


lOL = 2-OmA 




0.45 


Iqlk 


Output Leakage 


GND < Vo < Vcc 


-1.0 


1.0 


ma 


ISTBY 


Standby Supply Current 


Vin-Vdd 




100 


Ice 


ViN = VDD 




40 


IDD 


Operating Supply Current (1) 


f = 1MHz 




6 


mA 


C| 


Input Capacitance 


Note 1 




7.0 


PF 


Co 


Output Capacitance 


Note 1 




10.0 



Mote: 1. For design reference only, not 100% tested. 

AC ELECTRICAL CHARACTERISTICS 

(Vcc = Vdd = 5V ±10% Vss = OV, CL = 50pf, Ta = Operating Temperature Range) 



SYMBOL 


PARAMETER 


IM6653/54-1I 


IM6653/54 1 


IIM6653/54 M 


UNIT 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


TEiLQV 


Access Time From E-i 




450 




550 




600 


ns 


TSLQV 


Output Enable Time 




110 




140 




150 


TEiHQZ 


Output Disable Time 




110 




140 




150 


TE1HE1L 


Ei Pulse Width (Positive) 


130 




150 




150 




TE1LE1H 


Ei Pulse Width (Negative) 


450 




550 




600 




TAVE1L 


Address Setup Time 

















TE1LAX 


Address Hold Time 


80 




100 




100 




TE2VE1L 


Chip Enable Setup Time (6654) 

















TE1LE2X 


Chip Enable Hold Time (6654) 


80 




106 




100 
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ABSOLUTE MAXIMUM RATINGS (IM66S3/54AI, AM) 



Supply Voltages 

Vdd-Vss • + 11.0V 

Vcc-Vss + 11.0V 

Input or Output Voltage ....(Vss -0.3V) to (Vdd +0.3V) 



Operating Temperature Range 

Industrial -40°C to +85X 

Military -55°C to +125°C 

Storage Temperature Range - 65°C to + 1 50**C 

Lead Temperature (Soldering, lOsec) 300°C 

NOTE: Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. 
Exposure to absolute maximum rating conditions for extended penods may affect device reliability. 

DC ELECTRICAL CHARACTERISTICS 

(Vcc - Vdd = 4.5V to 10.5V Vss = OV, Ta = Operational Temperature Range) 



O 
01 

i 

0> 
Ul 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


IM6653/54AI, AM 


UNIT 


MIN 


MAX 


V|H 


Logical "1" Input Voltage 


Ei. S 


Vdd -2.0 




V 


V|H 




Address Pins 


Vdd -2.0 




V|L 


Logical '"0" Input Voltage 






0.8 


l| 


Input Leakage 


GND < V|N < Vdd 


-1.0 


1 


^xA 


Vqh 


Logical "1" Output Voltage 


louT =0 (Note 1) 


Vcc -0.01 




V 


Vol 


Logical "0" Output Voltage 


IOUT = (Not6 1) 




Vss + 0.01 


•OLK 


Output Leakage 


Vss ^ Vo < Vcc 


-1 


1.0 


HA 


ISTBV 


Standby' Supply Current 


V|N = VDb 




100 


Ice 


V|N = VdD 




40 


Idd 


Operating Supply Current 


f=1MHz 




12 


mA 


C| 


Input Capacitance 


Note 1 




' 7.0 . 


PF 


Co 


Output Capacitance 


Note 1 




10.0 



Note: 1. For design refererice only, not 100% tested. 

AC ELECTRICAL CHARACTEfflSTICS 

(Vcc = Vdd = 10V ±5% Vss = OV, Cl = SOpf, Ta = Operating Temperature Range) 



SYMBOL 


PARAMETER 


IM6653/54 Al 


IM6653/54 AM 


UNIT 


MIN 


MAX 


MIN 


MAX 


TEiLQV 


Access Tinne From Ei 




300 




350 


ns 


TSLQV 


Output Enable Time 




60 




70 


TEiHQZ 


Output Disable Time 




60 




70 


TE1HE1L 


Ei Pulse Width (Positive) 


125 




125 




TE1LE1H 


Ei Pulse Width (Negative) 


300 




350 




TAVE1L 


Address Setup Time 












TE1LAX 


Address Hold Time 


60 




60 




TE2VE1L 


Chip Enable Setup Time (6654) 












TE1LE2X 


Chip Enable Hold Time (6654) 


60 




60 
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PIN ASSIGNMENTS 






PiN 


SYMBOL 


ACTIVE 
LEVEL 


DESCRIPTION 


1-8.23 


Ao-Ay.Ae 


_ ^ " 


Address Lines 


9-11, 13-17 


QorQ? 
Qo-Qs 


_ 


, Data Out lines, 66^4 
Data Out lines, 6653 


12 


Vss 


- 


Negative Supply 


18 


Program 


- 


Programming pulse input 


19 


Vdd 


- 


Chip positive supply, normally tied to Vcc 


20 


Ei 


L 


Strobe line, latches both address lines and, for 6654, Chip enable E2 


21 


S 


L 


Chip select line, must be low for valid data out 


22 


Ag 
^2 


L 


Additional address line for 6653. 

Chip enable line, latched by Chip enable Ei on 6654 


24 


Vcc 


- 


Output buffer positive supply 



READ MODE OPERATION 

In ajypical READ operation address lines and chip 
enable E2* are latched by the falling edge of chip enable Ei 
(T = 0). Valid data appears at the outputs one access tjme 
(TELQV) later, provided level-sensitive chip select line S is 
low (T = 3). Data remains valid until either Ei or S returns to 
a high level (T = 4). Outputs are then forced to a high-Z 
state. 

Address lines and E2 must be valid one setup time before 
(TAVEL), and one hold time after (TELAX), the failing edge 
of Ei starting the read cycle. Before becoming valid, Q 
output lines become active (T = 2). The Q output lines 
return to a high-Z state one output disable time (TE1HQZ) 
after any rising edge on Ei or S. 

The program line remains high throughout the READ 
cycle. 

Chip enable line Ei must remain high one minimum 
positive pulse width (TEHEL) before the next cycle can 
begin. 




> 



OUTPUTS - 
5V-. 
PROaRAM 
TIME. 
REF 



J L_J t t M 



2* 345 



*A» iM66S3 only. Ej iM6654 oniy 



Figure 3: Read Cycle Timing 



FUNCTION TABLE 



TIME 
REF 


INPUTS 


OUTPUTS 
Q 


NOTES 


E1 


I2 


s 


A 


-1 


H 


X 


X 


X 


Z 


DEVICE INACTIVE 





-V 


L 


X 


V 


z 


CYCLE BEGINS; ADDRESSES, E2 LATCHED* 


1 


L 


X 


X 


. X 


z 


INTERNAL OPERATIONS ONLY 


2 


L 


X 


L 


X 


A 


OUTPUTS ACTIVE UNDER CONTROL OF Ei, S 


3 


L 


X 


L 


X 


V 


OUTPUTS VALID AFTER ACCESS TIME 


4 


J- 


X 


L 


X 


V 


READ COMPLETE 


5 


H 


X 


X 


X 


z 


CYCLE ENDS (SAME AS ~1) 
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Figure 4: Read and Program Cycle Timing 



DC CHARACTERISTICS FOR PROGRAMMING OPERATION 

(Vcc = Vdd = 5V ±5% Vss = OV, Ta = 25°C) 



SYMBOL 


PARAMETER 


TEST 
CONDiTiONS 


MrN 


TYP 


MAX 


UNIT 


IPROG 


Program Pin Load Current 






80 


100 


mA 


VpROG 


Programming Pulse Amplitude 




-38 


-40 


-42 


V 


Ice 


Vcc Current 






01 


5 


mA 


IDD 


Vdd Current 






40 


100 


ViHA 


Address Input High Voltage 




Vdd-2.0 






V 


Vila 


Address Input Low Voltage 








0.8 


V|H 


Data Input High Voltage 




Vdd-2.0 






V|L 


Data Input Low Voltage 








0.8 



AC CHARACTERISTICS FOR PROGRAMMING OPERATION 

(Vcc = Vdd = 5V ±5% Vss = ov, Ta = 25°) 



SYMBOL 


PARAMbrbR 


TEST 
CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


TPLPH 


Program Pulse Width 


trise = tfall = 5ms 


18 


20 


22 


ms 




Program Pulse Duty Cycle 








75% 




TDVPL 


Data Setup Time 




9 






MS 


TPHDX 


Data Hold Time 




9 






TE1HE1L 


Strobe Pulse Width 




150 






ns 


TAVE1L 


Address Setup Time 











TE1LE1X 


Address Hold Time 




100 






TE1LQV 


Access Time 








1000 



PROGRAM MODE OPERATION 

Initially, all 4096 bits of the EPROM are in the logic one 
(output high) state. Selective programming of proper bit 
locations to "0"s is performed electrically. 

In the PROGRAM mode for all EPROMs, Vcc and Vpo 
are tied together to a + 5V operating supply. High logic 
levels at all of the appropriate chip inputs and outputs must 



be set at Vdd -2V minimum. Low logic levels must be set 
at Vss + 0.8V maximum. Addressing of the desired location 
in PROGRAM mode is done as in the READ mode. Address 
and data lines are set at the_ desired logic levels, and 
PROGRAM and chip select O) pins are set high. The 
address is latched by the downward edge on the strobe line 
(Ei). During valid DATA IN time, the PROGRAM pin is 
pulsed from Vdd to ~40V. This pulse initiates the program- 
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ming of the device to the levels set on the data outputs. 
Duty cycle limitations are specified from chip heat dissipa- 
tion considerations. PULSE RISE AND FALL TIMES MUST 
NOT BE FASTER THAN S/us. 

Intelligent programmer equipment with successive 
READ/PROGRi(\M/VfRIFY sequences is recommended. 

PROGRAMMING SYSTEM 
CHARACTERISTICS 

1. During programming the power supply should be 
capable of limiting peak instantaneous current to 
100mA. 

2. The programming pin is driven from Vdd to -40 
volts (±2V) by pulses of 20 milliseconds duration. 
These pulses should be applied in the sequence 
shown in the flow chart. Pulse rise and fall times of 
1 microseconds are recommended. Note that any 
individual location may be programmed at any time. 



3. Addresses and data should be presented to the 
device within the recommended setup/hold time 
and high/low logic level margins. Both "A" (10V) 
and non "A" EPROMs are programmed at VcQ, 
Vdd of 5V ±5%. , 

4. Programming is to be done at room temperature. 

ERASING PROCEDURE 

The IM6653/54 are erased by exposure to high intensity 
short-wave ulti'aviolet light at a wavelength of 2537A. The 
recommended integrated dose (i.e., UV intensity x exposure 
time) is 10W sec/cm^. The lamps should be used without 
short-wave filters, and the IM6653/54 to be erased should 
be placed about one inch away from the lamp tubes. For 
best results it is recommended that the device remain 
inactive for 5 minutes after erasure, before reprogramming. 

The erasing effect of UV light is cumulative. Care should 
be taken to protect EPROMs from exposure to direct 
sunlight or fluorescent lamps radiating UV light in the 2000A 
to 4000A range. 



9-30 
Note: All typical values have been guaranteed by characterization and are not tested. 



IM6653/IM6654 



01 

i 

0) 



POWEM OOWN 
ALL WfUTS. 

Vcc. 
Vm«Vcc«QNO 



iz: 



POWEMUPVcc 

TO API^MOPIUATE 

VOLTAGE 



POWER UP 
WPUTS 



READ THROUGH 



TO VERIFY ALL 
1'$<ERASE(»ATSV 




SET LEVELS ON 
DATA LINES 



PROGRAM 20 nw 




Figure 5: Programming Flow Chart 
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Figure 6: IM6653 CMOS EPROMS as External Program Memory with the IM80C35 
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Figure 7: Using IM6654 CMOS EPROM To Extend Program Memory 
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IM80C48/49/35/39 

CMOS Microcontroller 

GENERAL DESCRIPTION 

The Intersil IM80C48 family of CMOS microcontrollers 
combines the speed of the industry standard NMOS8048 
with the low power consumption of CMOS. In addition to the 
low operating current, the IM80C48 family has three versa- 
tile power-down modes that reduce power dissipation even 
further. The HALT mode, entered by software command, 
shuts down selected portions of the CPU to reduce power 
consumption while retaining rapid response time to an 
interrupt or reset. The STandBY and STOP modes shut 
down all but the onboard RAM, reducing the supply current 
to typically 1 microamp. 

The IM80C48 family microcontrollers include 27 I/O 
lines, RAM, and an 8-bit timer/counter on-chip, and are well 
suited for control applications. The low power consumption 
of the IM80C48 makes it particularly desirable in applica- 
tions that require battery operation or long term battery 
backup of on-chip RAM during AC power interruptions. 

ORDERING INFORMATION 




FEATURES 

• Industry Standard NMOS 8048 Family Compatible 

• Expanded Instruction Set Includes Software 
STandBY 

• Ultra Low Power Consumption 
-Operating Supply Current: 3mA at 6MHz 
- IDLe Supply Current: dOOjuA at 6MHz 
-STandBY and STOP Modes: IjuA 

• Wide Operating Voltage Range — 3.5V to 6V 

• Compatible with 8048/80/85 Peripherals 

• 4 Standard ROM and ROM-Less Versions 

APPLICATIONS 

• Portable Instrumentation 

• Telecom 

• Industrial Control 

• Battery Operated Equipment 
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Figure 1: Functional Diagram 



Figure 2: Pin 
Configuration 
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ABSOLUTE MAXIMUM RATINGS 

Voltage on Any Pin (Vss-0-3V) to (Vcc + 0.3V) Operating Temperature Range: 

Supply Voltage (Vcc-Vss) +8V IM80CXXCXL 0°C to +70°C 

Storage Temperature (Plastic) -65^C to +150°C IM80CXXIXL -40°C to +85°C 

Lead Temperature (Soldering, 10sec) 300°C 

Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 

ELECTRICAL CHARACTERISTICS 
DC CHARACTERISTICS 

Test Conditions: Vcc = 5V±10% Vss = OV, Ta = 



-40°C to +85''C 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


LIMITS 


UNIT 


MIN 


TYP 


MAX 


V|L 


Input Low Voltage 
(All Except XTAL1) 




-0.3 




0.8 


V 


V|L1 


Input Low Voltage 
XTAL1 








Vcc-08 


V 


V|H 


Input High Voltage 

(All Except RESET, XTAL1, 

Vdd/STOP) 




VCC-2V 




Vcc 


V 


V|H1 


Input High Voltage 

RESET, XTAL1, XTAL2, Vdd/STOP 




Vcc -0.5V 




Vcc 


V 


Vol 


Output Low Voltage 


lOL = 2mA 






0.45 


V 


Vqh 


Output High Voltage 
BUS, RD, WR, PSEN, ALE 


Ioh=-100mA 


2.4 






V 


V0H1 


Output High Voltage 
All Other Outputs 


l0H= -50/iA 


2.4 






V 


IlLP 


Input Pullup Current 
Port 1, Port 2 


V|N ^ V|L 




-150 


-300 


mA 


l|L 


input Pullup Current 
SS. RESET 


V|N ^ V,L 




-20 


-40 


mA 


l|L 


Input Leakage Current 
T1, EA. INT 


Vss ^ Vcc 







±1 


mA 


IQL 


Output Leakage Current 
Bus, TO-High Impedance 


Vss ^ V|N < Vcc 







±1 


ma 


Ice 


Total Supply Current 


Ta = 25°C, 6MHz 




3 


8 


mA 


ICC1 


IDLE Power Supply Current 


6MHz 




0.8 


2.0 


mA 


ICC2 


STandBY and STOP Modes Supply Current 


V|N = Vcc 




1 


20 


mA 



AC CHARACTERISTICS 
PORT 2 TIMING 

Test Conditions: Vcc = 5V±lO% Vss = 



OV, Ta= -40°C to +85"'C, fcLK = 6MHz 



SYMBOL 


PARAMETER 


TEST CONDITIONS 

(Note 1) 


LIMITS 


UNIT 


MIN 


TYP 


MAX 


tCP 


Port Control Setup Before Falling 
Edge of PROG 




110 






nS 


tpc 


Port Control Hold after Falling 
Edge of PROG 




140 






nS 


tpR 


PROG to Time Port 2 Input Data 
must be valid 








810 


nS 


tDP 


Output Data Setup Time 




220 






ns 


tpD 


Output Data Hold Time 




65 






ns 


tpF 


Input Data Hold Time 









150 


ns 


tpp 


PROG Pulse Width 




1200 






ns 


tpL 


Port 2 I/O Data Setup 




350 






ns 


tLP 


Port 2 I/O Data Hold 




150 






ns 



Note 1: Inputs are driven to 0.45V and 2 4V. Output timing measurements are made at 0.8V and 2.0V. 
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READ, WRITE AND INSTRUCTION FETCH - EXTERNAL DATA AND PROGRAM MEMORY 

Test Conditions: Vcc = 5V±10% Vss = OV, Ta = -40°C to +85°C, fcLK = 6MHz 



SYMBOL 


PARAMETER 


TEST CONDITIONS 

(Note 1) 


LIMITS 


UNIT 


MIN 


TYP 


MAX 


tLL 


ALE Pulse Width 




400 






ns 


tAL 


Address Setup before ALE Falling 




120 






ns 


tLA 


Address Hold from ALE Falling 




80 






ns 


tec 


Control Pulse Width (P§lN, RD, WR) 




700 






ns 


tow 


Data Setup before WR Rising 




500 






ns 


tWD 


Data Hold after WR Rising 


Cl = 20pF 


120 






ns 


tCY 


Cycle Time 




2.5 




150 


MS 


tDR 


Data Hold 









200 


ns 


tRD 


PSEN, RD to Data in Valid 








500 


ns 


tAW 


Address Setup before WR 




230 






ns 


tAD 


Address Setup before Data in 








950 


ns 


tAFC 


Address Float to RD, PSEN 











ns 



Note 1: For Control Outputs Cl = 
at 8V and 2.0V. 



BOpF, for Bus Outputs Cl = 1 50pF. Inputs are dnven to 0.45V and 2.4V Output timing measurements are made 
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Figure 3: Logic Symbol 



Intersil can accept customer ROM codes in a variety of 
media, including standard byte-wide EPROMs (2176, 2732, 
2764, 27C16, 27C32, etc.) or (8048, 8748, 8049, 8749) 
microcomputers. 

Contact GE-lntersil sales office for other formats. 

ROM CODE VERIFICATION (IM80C48/49) 

The IM80C48/49 ROM code can be verified by applying 
negative 5V to the EA pin while RESET is low. The address 
is then applied to DB0-DB7 and P20-P22. Bringing RESET 
high will internally latch the address and cause the ROM 
content for that address to appear on DB0 -DB7. T his verify 
cycle can then be repeated by returning RESET low and 
applying the nex t address to DB0-DB7 and P20-P22; then 
bringing RESET high to read the ROM content. To exit the 
verify mode first set RESET low then return EA to OV. 
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Figure 4: Port 2 Timing 
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Figure 5: Read From External Data Memory 




Figure 6: Write to External Data IVIemory 
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Figure 7: Instruction Fetch From External Program IVIemory 
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Table 1: Pin Description 



PIN 
NAME 


PIN 


FUNCTION 


TO 


1 


An input pin that is tested by tlie 
conditional jump instructions JTO and 
JNTO. This pin can be designated as a 
clock output using the ENTO CLK 
instruction. 


XTAL1 


2 


Connected to one side of the crystal 
for internal oscillator operation. Also 
used as the external clock input when 
using an external oscillator. 


XTAL2 


3 


Connected to one side of the crystal 
when using the Internal oscillator. 
Leave open when using an external 
oscillator. 


RESET 


4 


Active low input used to reset the 
microcomputer. A capacitor from this 
pin to ground will automatically reset 
the device on power-up. , 


SS 


5 


Singie-Step input, active low, that can 
be used in conjunction with ALE to 
single-step the processor through 
each instruction. 


InT 


6 


ir^iTerrupt input, active low. Initiates an 
Interrupt if external interrupt is 
enabled. 


EA 


7 


External Access input, active high, is 
used to force all program memory 
accesses to reference external 
memory. 


RD 


8 


This output, active low, is used by 
external devices to place data onto the 
bus during a bus read operation. 




9 


Program Store ENable. This output, 
active low, occurs only during fetches 
to external program memory. The 
system uses this signal to strobe 
external program memory. 


PSEN 



PIN 
NAME 


PIN 


FUNCTION 


WR 


10 


This output, active low, is used to 
strobe data into external devices 
during a bus write operation. 


ALE 


11 


Address Latch Enable. This output, 
active high, occurs once during each 
cycle. The falling edge of this timing 
signal is used to strobe the address 
bits appearing on the data bus. 


DBO- 

DB7 

(Bus) 


12-19 


Data Bus. These eight lines form a true 
bidirectional port which can store data 
as a latched output port or serve as a 
non-latching input/output port. 


Vss 


20 


Circuit GND potential. 


P20- 
P27 


21-24 
35-38 


Port 2. Identical to Port 1 except that 
P20 - P23 contain the four high-order 
program counter bits during external 
program memory fetches. If IM82C43 
I/O Expanders are being used in the 
system, they communicate with the 
IM80C4a through these four lines. 


PROG 


25 


Output strobe for IM82G43 I/O 
Expander. 


Vdd/ 

STOP 


26 


Used to select low power hardware 
STOP, mode. 


P10- 
P17 


27-34 


Port 1 . An 8-bit cjuasi-bidlrectional port. 
The I/O structure on these eight lines 
allows each to be used separately as 
an input or output. 


T1 


39 


An input pin tested by the conditional 
jump instructions, JT1 and JNT1 . The 
pin can also be programmed as the 
input to the counter. 


Vdd 


40 


Main power supply. 
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Table 2. 


Instruction Set by Mnemonic 


Accumulator 








Mnemonic 


Description 


Bytes 


Cycles 


ADD A. R 


Add register to A 






ADD A. @R 


Add datd memory to A 






ADD A, # data 


Add immediate to A 




2 


ADDC A, R 


Add register with carry 






ADDC A, @R 


Add data memory with 
carry 






ADDC A, # data 


Add immediate with carry 




2 


ANL A, R 


And register to A 






ANL A, @R 


And data memory to A 






ANL A, # data 


And immediate to A 




2 


ORL A, R 


Or register to A 






ORL A, @R 


Or data memory to A 






ORL A, # data 


Or immediate to A 




2 


XRL A. R 


Exclusive or register to A 






XRL A. @R 


Exclusive or data 
memory to A 






XRL. A, # data 


Exclusive or immediate 
to A 




2 


INC A 


Increment A 






DEC A 


Decrement A 






CLR A 


Clear A 






CPL A 


Complement A 






DA A 


Decimal adjust A 






SWAP A 


Swap nibbles of A 






RL A 


Rotate A left 






RLC A 


Rotate A left through 
carry 






RR A 


Rotate A nght 






RRC A 


Rotate A nght through 
carry 






Input/Output 








Mnemonic 


Description 


Bytes 


Cycles 


IN A, P 


Input port to A 


1 


2 


OUTL P. A 


Output A to port 


1 


2 


ANL P, # data 


And immediate to port 


2 


2 


ORL P, # data 


Or immediate to port 


2 


2 


INS A, BUS 


Input BUS to A 


1 


2 


OUTL BUS, A 


Output A to BUS 


1 


2 


ANL BUS. # data 


And immediate to BUS 


2 


2 


ORL BUS. # data 


Or immediate to BUS 


2 


2 


MOVD A. P 


Input expander port to A 


i 


2 


MOVD P. A 


Output A to expander 
port 


1 


2 


ANLD P. A 


And A to expander port 


1 


2 


ORLD P. A 


Or A to expander port 


1 


2 


Registers 








Mnemonic 


Description 


Bytes 


Cycles 


INC R 


Increment register 


1 


1 


INC @R 


Increment data memory 


1 


1 


DEC R 


Decrement register 


1 


1 


branch 








Mnemonic 


Description 


Bytes 


Cycles 


JMP addr 


Jump unconditional 


2 


2 


JMPP @A 


Jump indirect 


1 


2 


DJNZ R, addr 


Decrement register and 
skip 


2 


2 


JC addr 


Jump on carry = 1 


2 


2 


JNC addr ' 


Jump on carry ** 


2 


2 


JZ addr 


Jump on Z zero 


2 


2 


JNZ addr 


Jump on A not zero 


2 


2 


JTO addr 


Jump on to = 1 


2 


2 


JNTO addr 


JMmp on TO - 


2 


2 


JT1 addr 


Jump on T1 = 1 


2 


2 


JNT1 addr 


Jump on T1 = 


2 


2 


JFO addr 


Juinp on FO = 1 


2 


2 


JF1 addr 


Jump on F1 = 1 


2 


2 


JTF addr 


Jump on timer flag 


2 


2 


JNI addr 


Jump on INT = 


2 


2 


JBb addr 


Jump on accumulator bit 


2 


2 



Table 2. Instruction Set by Mnemonic (Cont.) 


Subroutine 








Mnemonic 


Description 


Bytes 


Cycles 


CALL addr 


Jump to subroutine 


2 


2 


RET 


Return 


1 


2 


RETR 


Return and restore status 


1 


2 


Flags 








Mnemonic 


Description 


Bytes 


Cycles 


CLR C 


Clear carry 


1 


1 


, CPLC 


Complement carry 


1 


1 


CLR FO 


Clear flag 


1 


1 


CPL FO 


Complement flag 


1 


1 


CLR F1 


1 


1 




CPL F1 


Complement flag 1 


1 


1 


Data Moves 








i\Anemonic 


Description 


Bytes 


Cycles 


MOV A, R 


Move register to A 


1 


1 


MOV A, @R 


Move data memory to A 


1 


1 


MOV A, # data 


Move immediate to A 


2 


2 


MOV R, A 


Move A to register 


1 


1 


MOV @R. A 


Move A to data memory 


1 


1 


MOV R # data 


Move immediate to 
register 


2 


2 


MOV @R, # data 


Move immediate to data 
memory 


2 


2 


MOV A. PSW 


Move PSW to A 


1 , 


1 


MOV PSW, A 


Move A to PSW 


1 


1 


XCH A, R 


Exchange A and register 


1 


1 


XCH A, @R 


Exchange A and data 
memory 


1 


1 


XCHD A, @R 


Exchange nibble of A 
and register 


1 


1 


MOVX A, @R 


Move external data 
memory to A 


1 


2 


MOVX @R, A 


Move A to external data 
memory 


1 


2 


MOVP A, @A 


Move to A from current 
page 


1 


2 


M0VP3 A, @A 


Move to A from page 3 


1 


2 


Timer/Counter 








Mnemonic 


Description 


Bytes 


Cycles 


MOV A. T 


Read timer/counter 


1 




MOV T. A 


Load timer/counter 


i 




STRT T 


Start timer 


1 




STRT CNT 


Start counter 


1 




STOP TCNT 


Stop timer/counter 


1 




EN TCNTI 


Enable timer/counter 
interrupt 


1 




DIS TCNTI 


Disable timer/counter 
interrupt 


1 


,1 


Control 








Mnemonic 


Description 


Bytes 


Cycles 


EN 1 


Enable external interrupt 






DIS 1 


Disable external interrupt 






SEL RBO 


Select regi&ter bapk 






SEL RBI 


Select register bank 1 






SEL MBO 


Select memory bank 






SEL MB1 


Select memory bank 1 






ENTO CLK 


Enable clock output on 
TO 






Mnemonic 


Description 


Bytes 


Cycles 


NOP 


No operation 


1 


1 


IDL 


Low power Mode, OSC. 

on 

Low power Mode, OSC. 


1 


1 


STBY 


1 


1 




off 
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LOW POWER MODES 

The Intersil IM80C48 family incorporates IDLE and 
STandBY instructions as well as the hardware STOP mode. 
The IDLE instruction, opcode 01 H, operates as shown in 
Figure 1. Execution of opcode 01 H disables the internal 
clock and timing circuits while leaving the oscillator running. 



Power consumption drops to less than 1mW. Either a 
R ESET or external INTerrupt will terminate the IDLE mode. 
ARESET will start Execution from address OOH. An external 
INTerrupt will start execution from 03H if INTerrupt is 
enabled, or start execution from the next sequential instruc- 
tion following the IDLE instruction if the INTerrupt is 
disabled. 
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Figure 10: IDLe Mode 
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Figure 1 1 iilu strates th e STOP mode. To enter t he STOP 
mode, first take RESET low, then pull Vdd/ STOP low. The 
STOP mode, ^ike the STandBY mode, shuts down the 
oscillator and causes the device to draws l ess tha n 1 /uA of 
current. To exit the STOP mode, take Vpo/ ST OP high, wait 
fpr the oscillator to stabilize, then pull RESET high. Execu- 
tion starts at address OOOOH. 

Since the power consumption of the IM80C48 is directly 
proportional to the clock frequency, significant power sav- 
ings can be achieved by selecting the lowest clock frequen- 
cy that provides sufficient processing power for the specific 
application. For example, while operating with a 32.768kHz 



clock, the IM80C48 will typically draw less than 2juA of 
current. 

Figure 1 3 shows the operation of the STandBY instruct 
tion, opcode 63H. This Instruction is similar to IDLE excepi 
that the oscillator is a lso turn ed off, reducing current drain 
to less than 1/iA. A RESET or INTerrupt will restart the 
oscillator and execution will resume after the oscillator start- 
up time, plus a delay of 2-3 instruction cycles that allows the 
oscillator to stabilize. The start-up time of the oscillator, 
which depends on the operating voltage and the crystal 
parameters, is normally 5-50msec.' The address at which 
execution resumes is the same as for the IDLe instruction. 
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Figure 12: STOP Mode 
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Figure 15: IM6653 CMOS EPROMSs As External Program Memory with Tlie IM80C35 



* Capacitance values dependent on package type 



USING IM6654 CMOS EPROM TO EXTEND PROGRAM MEMORY 




+ 5V GNO 

h „ 

y4o y25 yzo 



ALE ySEW PROG WS BE 



Figure 16: Using IM6654 CMOS EPROM to Extend Program Memory 
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Table 3: Instruction Summary By Hexadecimal Opcode 






HEX 


MNEMONIC 


HEX 


MNEMONIC 


HEX 


MNEMONIC 


HEX 


MNEMONIC 


00 


NOP 


30 


XCHD A,@RO 


70 


ADDC A,@RO 


AO 


MOV @RO,A 


01 


IDL 


31 


XCHD A,@R1 


71 


ADDC A,@R1 


A1 


MOV @R1,A 


02 


OUTL BUS,A 


32 ,>'•• 


JB1 


72 


JB3 . 


A2 


undefined 


03 


ADD A, # data 


33 ^ 


undefined 


73 


undefined 


A3 


MOVP A,(gA 


04 


JMP (page 0) 


34 


CALL (page 1) 


74 


CALL (page 3) 


A4 


JMP (page 5) 


05 


EN 1 


35 


DIS TCNTI 


75 


ENTO CLK 


A5 


CLR F1 


06 


undefined 


36 


JTO 


76 


JF1 


A6 


undefined 


07 


DEC A 


37 


CPL A 


77 


RR A 


M 


CPL C 


08 


undefined 


38 


undefined 


78 


ADDC A,RO 


A8 


MOV RO,A 


09 


IN A,P1 


39 


OUTL PI, A 


79 


ADDC A,R1 


A9 


MOV R1,A 


OA 


IN A,P2 


3A 


OUTL P2,A 


7A 


ADDC A,R2 


AA , 


MOV R2,A 


OB 


undefined 


3B 


undefined 


7B 


ADDC A,R3 


AB 


MOV R3,A 


OC 


I^OVD A,P4 


3C - 


MOVD P4,A 


7C 


ADDC A,R4 


AC 


MOV R4,A 


OD 


MOVD A.P5 


3D 


MOVD P5,A 


7D 


ADDC A,R5 


AD 


MOV R5,A 


OE 


MOVD AP6 


3E 


MOVD P6.A 


7E 


ADDC A,R6 


AE 


MOV R6,A 


OF 


MOVD A,P7 


3F 


MOVD P7,A 


7F 


ADDC A,R7 


AF 


MOV R7,A 


10 


INC @R0 


40 


ORL A,@RO 


80 


MOVX A,@RO 


60 


MOV @RO,#data 


11 


INC @R1 


41 


ORL A,@R1 


81 


MOVX A,@R1 


B1 


MOV @R1,#data 


12 


JBO 


42 


MOV A,T 


82 


undefined 


B2 


JB5 


13 


ADDC A, # data 


43 


ORL A, # data 


83 


RET 


B3 


JMPP @A 


14 


CALL (page 0) 


44 


JMP (page 2) 


84 


JMP (page 4) 


B4 


CPL F1 


15 


DIS 1 


45 


STRT CNT 


85 


CLR FO 


B5 


CPL F1 


16 


JFT 


46 


JNT1, 


.86 


JNI 


B6 


•JFO 


17 


INC A 


47 


SWAP A 


87 


undefined 


B7 


undefined 


18 


INC RO 


48 


OBL A,RO 


88 


ORL BUS. # data 


B8 


MOV RO,#data 


19 


INC R1 


49 


ORL A.RI 


89 


ORL PI, # data 


B9 


MOV R1,#data 


1A 


INC R2 


4A 


ORL A,R2 


8A 


ORL P2,#data 


BA 


MOV R2,#data 


IB 


INC R3 


4B 


ORL A,R3 


8B 


undefined 


BB 


MOV R3,#data 


1C 


INC R4 


4C 


ORL A,R4 


8C 


ORLD P4.A 


BC 


MOV R4,#data 


ID 


INC R5 


4D 


ORL A,R5 


8D 


ORLD P5,A 


BD 


MOV R5,#data 


IE 


INC R6 


4E 


ORL A,R6 


8E 


ORLD P6,A 


BE 


MOV R6,#data 


1F 


INC R7 


4F 


ORL A,R7 


8F 


ORLD P7,A 


BF 


MOV R7,#data 


20 


XCH A,@RO 


50 


ANL A,@RO 


CO 


undefined 


EO 


undefined 


21 


XCH A,@R1 


51 


ANL A,@R1 


C1 


undefined 


El 


undefined 


22 


undefined 


52 


JB2 


C2 


undefined 


E2 


undefined 


23 


MOV A, # data 


53 


ANL A, # data 


C3 


undefined 


E3 


M0VP3 A,@A 


24 


JMP (page 1) 


54 


CALL (page 2) 


C4 


JMP (page 6) 


E4 


JMP (page 7) 


25 


EN TCNTI 


55 


STRT T 


C5 


SEL RBO 


E5 


SEL MBO 


26 


JNTO 


56 


JT 1 


C6 


JZ 


E6 


JNC 


27 


CLR A 


57 


DA A 


C7 


MOV A.PSW 


E7 


RL A 


28 


XCH A.RO 


58 


ANL A,RO 


C8 


DEC RO 


E8 


DJNZ RO,addr 


29 


XCH A.RI 


59 


ANL A.RI 


C9 


DEC R1 


E9 


DJNZ R1,addr 


2A 


XCH A,R2 


5A 


ANL A.R2 


CA 


DEC R2 


EA 


DJNZ R2,addr 


2B 


XCH A,R3 


5B 


ANL A.R3 


CB 


DEC R3 


EB 


DJNZ R3,addr 


2C 


XCH A,R4 


5C 


ANL A,R4 


CC 


DEC R4 


EC 


DJNZ R4,addr 


2D 


XCH A.R5 


5D 


ANL A,R5 


CD 


DEC R5 


ED 


DJNZ R5,addr 


2E 


XCH A,R6 


5E 


ANL A,R6 


CE 


DEC R6 


EE 


DJNZ R6,addr 


2F 


XCH A,R7 


5F 


ANL A,R7 


CF 


DEC R7 


EF 


DJNZ R7,addr 


60 


ADD A,@RO 


90 


MOVX @RO,A 


DO 


XRL A,@RO 


FO 


MOV A,@RO 


61 


ADD A.@R1 


91 


MOVX @R1,A 


D1 


XRL A,@R1 


F1 


MOV A,@R1 


62 


MOV T,A 


92 


JB4 


D2 


JB6 


F2 


JB7 


63 


STBY 


93 


RETR 


D3 


XRL A, # data 


F3 


undefined 


64 


JMP (page 3) 


94 


CALL (page 4) 


D4 


CALL (page 6) 


F4 


CALL (page 7) 


65 


STOP TCNT 


95 


CPL FO 


D5 


SEL RBI 


F5 


SEL MB1 


66 


undefined 


96 


JNZ 


D6 


undefined 


F6 


JC 


67 


RRC A 


97 


CLR C 


D7 


MOV PSW,A 


F7 


RLC A 


68 


ADD A.RO 


98 


ANL BUS, # data 


D8 


XRL A,RO 


F8 


MOV A,RO 


69 


ADD A,R1 


99 


ANL PI, # data 


D9 


XRL A,R1 


F9 


MOV A.RI 


6A 


ADD A.R2 


9A 


ANL P2,#data 


DA 


XRL A,R2 


FA 


MOV A,R2 


6B 


ADD A,R3 


9B 


undefined 


DB 


XRL A,R3 


FB 


MOV A,R3 


6C 


ADD A.R4 


9C 


ANLD P4,A 


DC 


XRL A,R4 


FC 


MOV A,R4 


6D 


ADD A,R5 


9D 


ANLD P5,A 


DD 


XRL A,R5 


FD 


MOV A.R5 


6E 


ADD A,R6 


9E 


ANLD P6.A 


DE 


XRL A,R6 


FE 


MOV A,R6 


6F 


ADD A.R7 


9F 


ANLD P7,A 


DF 


XRL A,P7 


FF 


MOV A,R7 
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IM82C43 

CMOS I/O Expander 

DESCRIPTION 

The Intersil IM82C43 is a CMOS input/output expander 
equivalent to the NMOS 8243. It is designed to provide I/O 
expansion for the CMOS IM80C48 and NMOS 8048 families 
of single-chip microcomputers. 

The 24-pin IM82C43 provides four 4-bit bidirectional I/O 
ports: 8048/41 instructions control bidirectional transfers 
between thelM82C43 and the 8048 family microcomputers, 
and can execute logical AND/OR operations directly on the 
data contained in the IM82C43 ports. 

ORDERING INFORMATION 




00 

o 



FEATURES 

• 8048/41 Compatible I/O Expander 

• CMOS Pin-For-Pin Replacement for Standard 
NMOS 8243 

• Low Power Dissipation — Maximum 25mW Active 

• Four 4-Bit I/O Ports in 24-Pin DIP 

• Logical AND/OR Directly to Ports 

• High Output Drive 

• Single +5V Supply 



PART NO. 


TEMP. RANGE 


PACKAGE 


IM82C43CJG 


0°C to +70°C 


24 PIN CERDIP 


IM82G43CPG 


OX to +70X 


24 PIN PLASTIC 


IM82C43IJG 


-40X to +85°C 


24 PIN CERDIP 


IM82C43IPG 


-40°C to +85''C 


24 PIN PLASTIC 
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Figure 1: Functional Diagram 



Figure 2: Pin Configuration 
(Outline dwgs JG, PG) 
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IM82C43 

ABSOLUTE MAXIMUM r^ATINGS 



storage Temperature -65°C to +150°C 

Lead Temperature (Soldering, 10sec) 300°C 



Supply Voltage (Vdd-Vss) +8V 

Voltage on Any Pin (Vss-0.5V) to (Vdd + 0.5V) 

Power Dissipation 1 W 

Operating Temperature (C) 0°C to + 70°C 

(I) -40"C to +85^C 

NOTE: Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. 
Exposure to absolute maximum rating conditions for extended penods may affect device reliability. 



ELECTRICAL CHARACTERISTICS 

DC ELECTRICAL CHARACTERISTICS (Ta = 



Operating Temperature Range, Vdd=5V±10%j Vss = OV) 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


V|L 


Input Low Voltage 




-0.5 




0.8 


V 


V|H 


Input High Voltage 


Vdd = 4.5 


2.0 






Vdd = 5.5 


2.4 






Vol 


Output Low Voltage Ports 4-7 


l0L= lOfTiA 






0.4 


Output Low Voltage Port 2 


lOL = 20mA 






0.8 


lOL = 1 .6mA 






0.4 


V0H1 


Output High Voltage Ports 4-7 


lOH = 3.2mA 


2.8 






V0H2 


Output Voltage Port 2 


lOH = 1 -^mA 


2.8 






l|LK 


Input Leakage Ports 4-7, Port 2, CS, PROG 


VjN = Vdd to Vss 


-10 




10 


juA 


IDD 


Supply Current 


WRITE mode. 
All outputs open, 
tK = 700ns 




1.6 


5.0 


mA 


ISTBY 


Standby Current 


V|N = o or Vdd, cs = Vdd. 
All outputs open 






100 


ma 


SlQL 


Sum of all IcL from 16 Outputs 


5mA each pin average 






80 


mA 



AC ELECTRICAL CHARACTERISTICS (Ta = Operating Temperature Range. Vdd = 5V±10%, Vss = OV) 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN 


MAX 


UNIT 


ta 


Code Valid Before PROG 


80pF Load 


100 




ns 


tb 


Code Valid After PRO^ 


20pF Load 


60 




tc 


Data Valid Before PROG 


80pF Load 


140 




td 


Data Valid After PROS 


20pF Load 


20 




th 


Floating After PROG 


20pF Load 





150 


: tk , 


PROG Negative Pulse Width 




700 




tcs , 


CS Valid Before/After PROG , 




50 




tpo 


l^orts 4-7 Valid After PROG 


lOOpF Load 




700 


tip 


Ports 4-7 Valid Before/After PROG 









tacc 


Port 2 Valid After PROG 


80pF Load 




650 



Note: All typical values have been guaranteed by characterization and are not tested. 
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Figure 3: Timing Diagram 
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IM82C43 

PIN DESCRIPTIONS 



Designator 


Pin 
Number 


Function 


PROG 


7 


Strobe input. The falling edge of 


PROG Implies valid address and 
control Information on P20-P23, 
while the rising edge implies valid 
data on P20-P23. 


US 


6 


Chip select input. When HIGH, 
it disables PROG, thus inhibiting 
change in output or internal 
status. 


P20-P23 


8-11 


Four bit directionai port 

carrying address and control bits 
on the falling edge of PROG and 
I/O data on the rising edge of 


PROG. 


P40-43 
P50-P53 
P60-P63 
P70-P73 


2-5 
1,21-23 
17-20 
13-16 


Four bit bidirectional i/0 
ports. May be configured for 
input, tri-state output (READ 
mode) or latched output. Data on 
pins P20-23 may be directly 
written. ANDed, or ORed with 
previous data. 


Vss 


12 


Circuit ground potential 


Vdd 


24 


Positive supply. 



DETAILED DESCRIPTION 

The IM82C43 has four 4-bit I/O ports, which are ad- 
dressed as Ports 4 thru 7 by the processor. The following 
operations may be performed on these ports: 

• Transfer accumulator to port (write) 

• Transfer port to accumulator (read) 

• AND accumulator to port 

• OR accumulator to port 

All communication between the microcomputer and the 
IM82C43 occurs over Por t 2 (P20 -P23) with timing provided 
by an output pulse on the PROG pin of the processor. Each 
data transfer consists of two 4-bit nibbles: 

• The first contains the port address and command to 
the IM82C43. This is la tched f rom Port 2 during the 
high-to-low transition of PROG and is encoded as 
shown in the table on page 3. 

• The second contains the four bits of data 
associated with the instruction. The low-to-high 
transition of PROG indicates the presence of data. 



Port Address And Command 


Forr 


nat 


P23 


P22 


INSTRUCTION 
CODE 


P21 


P20 


ADDRESS 
CODE 




1 
1 



1 

1 


Read 
Write 
ORLD 
ANLD 





1 
1 




1 



1 


Port 4 
Port 5 
Port 6 
Port 7 



Write Modes 

The device has three modes. MOVD P,A directly writes 
new data into the selected port with old data being lost; 
ORLD P,A ORs the new data with the old data and writes it 
to the port; and ANLD P,A ANDs new data with old data and 
writes it to the selected port. 

After the designated operation Is performed, the data Is 
latched and directed to the port. The old data remains 
latched until the new data is written by the rising edge of 
PROG. 

Read Mode 

The device has one read mode. The command and port 
addres s are la tched from port 2 on the high-to-low transition 
of the PROG pin. As soon as the read operation and port 
address are decoded, the designated port output buffers 
are disabled and the input buffers enabled. The read 
operat ion is terminated by the low-to-high transition of the 
PROG pin. The port selected is switched to the high 
impedance state while port 2 is returned to the input mode. 

Normally a port will be In an output mode (write) or input 
mode (read). The first read of a port, following a mode 
change from write to read should be ignored; all following 
reads are valid. This is to allow the external driver on the 
port to settle after the first read instruction removes the low 
impedance drive from the IM82C43 output. A read of any 
port will leave that port in a high impedance state. 

I/O Expansion 

The use of a single iM82C43 with an 8048 or 8021 is 
shown in Figure 4. If more ports are required, more 
IM82C43S can be added as shown in Figure 5. Here, the 
upper nibble of port 2 is used to select one of the 
IM82C43S. Two lines could have been decoded but that 
would require additional hardware. Assuming that the left- 
most IM82C43 chip select is connected to P24, the 
instructions to select and de-select would be: 



MOV A, #OEFH 
OUTL P2, A 



MOV A, #OFFH 
OUTL P2, A 



P24 = 
Enable IM82C43 



Disable All 
Send It 



Power On Initialization 

Initial application of power to the device forces ports 4, 5, 
6, and 7 to t he high impedance state. Port 2 will be in an 
input state if PROG or OS are hi gh whe n power is applied. 
The first high-to-low transition of PROG causes the device 
to exit the power-on mode. The power-on sequence is 
initiated if Vdd drops below one volt. 
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TYPICAL APPLICATIONS 
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Figure 4: Expander Interface 



Note: The IM82C43 does not have the same quasi-bidirectional port structure as P1/P2 of the 8048. When a "1" is written to P4-7 of the IM82C43 it is a 
"hard 1" (low impedance to + 5V) which cannot be pulled low by an external device. All 4 bits of any port can be switched from output mode to input mode by 
executing a dummy read which leaves the port m a high impedance (no pullup or pulldown) state. 



P0RT1 
IM80C48 



cm 



PROG P20-3 

7T" 






PROG P20-3 






cs 



TV 






c§ 



PROG P20-3 






Figure 5: Using Multiple IM82C43s 
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Section 10 - High Reliability/ 
Military Products and Ordering 

Information 




DIE & WAFER ORDERING INFORMATION 



FET, MOSFET, AND DUAL 
TRANSISTOR CHIPS 

INTRODUCTION 

Intersil recognizes the increasing need for transistors and 
FETs in die form. To fulfill this need, Intersil offers a full line 
of J FETs, MOSFETs, and dual transistors in die form. 

Die sales do, however, present some unique problems. In 
many cases the chips cannot be guaranteed to the same 
electrical specifications as the packaged part. This is due to 
the fact that leakage, noise, AC parameters and tempera- 
ture testing cannot be tested to the same degree of 
accuracy for dice as it can for packaged devices. This is due 
to equipment limitations and handling problems. 

PURCHASE OPTIONS 

Intersil offers dice which are delivered in a number of 
forms: 

• Chips which have been electrically probed, inked, 
visually inspected and diced. 

• Wafers which have been electrically probed, inked, 
scribed, and mounted on rings with adhesive tape. 

• Wafers which have been electrically probed, inked, 
and visually inspected only. 

GENERAL PHYSICAL INFORMATION 

• Consult individual product information sheets for 
dimensions. Except for the aluminum bonding pads, 
the chips are completely covered with vapox (silicon 



dioxide). This minimizes damage to the chip caused 
by handling problems. 

• Dice are 100% tested to D.C, +25**C electrical 
specifications, then visually inspected. When wafers 
are ordered, dice which fail the electrical test are 
inked out. 

• Generally the minimum size of the die-attaching pad 
metallization should be at least 5 mils larger (on 
every edge) than the chip dimensions. For example, 
a 15 mil chip should be attached on at least a 25 
mil pad. 

Small Signal Devices 

• Chips are available with exact length X width 
dimensions plus tolerance (see Individual data 
sheets). Chip height ranges from .003" to .006". 

• To facilitate die attaching, chips are gold backed. 
Approximate thickness is 1000 angstroms. In 
general, dice should be attached to gold, platinum, 
or palladium metallization. Thin-film gold, moly-gold 
and most of the thick-fiirn metallization materials are 
compatible. 

• All chips have aluminum metallization and aluminum 
bonding pads. Typical aluminum thickness is 12,000 
angstroms. 
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Ue & WJiFER ORDEltlilQ INFORMAtl0N 



RECOMMENDED DICE ASSEMBLY 
PROCEDURE 

CLEANING 

Dice supplied in die form do not require cleaning prior to 
assembly. Dice supplied In wafer form should be cleaned 
aft^r scribing and breaking. Freon TF in a vapor degreaser 
is the preferred cleaning method. However, an alternative is 
to boil the die in TCE for five rninutes with a rinse in 
Isobl'opyl alcohol for 1-2 minutes. 

DIE ATTACH: 

The die attach operation should be done under a 
gaseous nitrogen ambient atmosphere to prevent oxidation. 
A preform should be used if the mounting surface has less 
than 50 microinches of gold and the die should be handled 
on the edges with tweezers. Die attach temperature should 
be between 385°C and 400**C with eutectic visible on three 
sides of the die after attachment. 

BONDING: 

Thermocompression gold ball or aluminum ultrasonic 
bonding may be used. The gold ball should be about 3 times 
the diameter of the gold wire. The ball should cover the 
bonding pad, but not excessively, or it may short out 
surroun(iin^ metallization. 1-rnil aluminum wire may be used 
on most dice, but should not be used if the assembled unit 
will be plastic encapsulated. 

HANDLING OF DICE: 

All dice shown in this catalog are passivated devices and 
Intersil warrants that they will meet or exceed published 
specifications when handled with the following precautions: 

• Dice should be stored in a dry inert-gas 
atmosphere. 

• Dice should be assembled using normal 
semiconductor techniques. 

• Dice should be attached in a gaseous nitrogen 
; spray at a temperature less than 430°C. 

ELECTRICAL TEST LIMITATIONS 

DUAL BIPOLAR TRANSISTORS 



LVcEO 


100V max. ^ <1 mA 


BVcBO 


100V max. @ >^ /uA 


bvebo 


100V max. -© <10 mA 


hFE 


<1000 @ >10 mA 


VcE(sat) 


>10 mV @ <10 mA 


ICBO 


>100 pA @ <100V 


VbE1-VbE2 , 


>1 mV @ >10 juA 


Ibi--Ib2 


>2 nA 



FETS 




Breakdown voltage 


100V ma)^. @ 1 mA 


Pinch-off voltage 


0-20V @ >1nA 


VGS(th) 


0-5 @ >10 mA 


rDS(on) 


5 Hmin.® Vgs = {Vgs = 30 
MOSFETs) 


loss 


100mA max. 


gfs 


20,000 mMHOS, max. 


iD(off). IS(off). ,'GSS 


lOOpA min. 


Vgsi-VgS2 


5mV mm. 


Electrical testing 
parameters such 
cannot be tested 


8 guaranteed to a 10% LTPD. AC 
as capitance and switching time 
in wafer or dice form. 



STANDARD DIE CARRIER PACKAGE 

• Easy to handle, store and inventory. 

• 100% electrically probed dice with electrical rejects 
removed. 

• 100% visually sorted with mechanical and visual 
rejects removed. 

• , Easy visual inspection — dice in carriers, geometry 

side up. 

• Individual compartment for each die. 

• Carriers ' usable in customer production area. 

• Carrier may be storage container for unused dice. 

• Carriers hold 25, 1 00, or 400 dice, depending on 
die size and quantity ordered. ' 

• Part numbers shown in this catalog are for earner 
packaging. 
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CLIPS 



Figure 2 



DIE & WAFER ORDERING INFORMATION 



OPTIONAL WAFER PACKAGE 

• 100% electrically probed — rejects inked. 

• 10% extra good dice included (no charge) to cover 
possible breakage and/or visual rejects. 

• Preferred for production quantities. 

• Lowest cost. 

• Wafer is supplied unscribed. 

• For wafer package — replace "D" in catalog 
number with "W", e.g.: 2N4416/D (2N4416 dice in 
carrier) becomes 2N4416/W (2N4416 dice in wafer). 




PLASTIC BOX 



NOTE: Intersil reserves the right to improve device geometries and 
manufactunng processes as required. Thes^ improvements may 
result in slight geometry changes. However, they will not affect the 
electrical limits, basic pad layouts or maximum die sizes in this 
catalog. 

Figure 3 



ELECTRICAL TEST CAPABILITY 

As an example of how to use the capability chart to see 
what Intersil actually guarantees and tests for, on a 100% 
basis, compare the 2N4391 in a TO-18 package to the 
2N4391 delivered as a chip. 



ELECTRICAL 
TEST SPEC. 


2N4391 IN A 
TO-18 


2N4391 CHIP 


IgSS @ 25C 


100pA max. 


100pA max. 


bvgss 


40V mm. 


40V mm. 


iD(off) @ 25C 


100pA max. 


lOOpA max. 


VGS(forward) 


See note 1 


IV max. 


VGs(off) or Vp 


4V to 10V 


4V to 10V 


loss 


50 to 150mA 


50 to 150mA 


VDS(on) 


0.4V max. 


0.4 max 


rDS(on) 


30i^ max 


30J^ max. 


C,ss 


14pF max. 


Guaranteed by Design 


Crss 


3.5pF max 


Guaranteed by Design 


td 


15ns max. 


Guaranteed by Design 


tr 


5ns max 


Guaranteed by Design 


toff 


20ns max 


Guaranteed by Design 


tf 


15ns max. 


Guaranteed by Design 



NOTE 1. This parameter is very dependent upon quality of metaliza- 
tion to which chip is attached. 



SUMMARY 

Of the 1 4 items specified for the package part, only 8 can 
be tested and guaranteed in die form. It is to be noted that 
those specifications which cannot be tested in die form can 
be sample tested in package form as an indicator of lot 
performance. Many of the tests, however, such as capaci- 
tance tests, are design parameters. 

The above electrical testing is guaranteed to a 1(J% 
LTPD. However, there are occasions where customer 
requirements cannot be satisfied by wafer sort testing 
alone. While the previously described tests will be done on 
a 100% basis, Intersil recognizes the need for additional 
testing to obtain confidence that a particular customer's 
needs can be met with a reasonably high yield. Toward this 
end Intersil has instituted a dice sampling plan which is two- 
fold. First, random samples of the dice are packaged and 
tested to assure adherence to the electrical specification. 
When required, wafers are identified and wafer identity is 
tied to the samples. This tests both the electrical character 
of the die and its ability to perform electrically after going 
through the high temperature dice attachment stage. Sec- 
ond, more severe testing can be performed on the pack- 
aged devices per individual customer needs. When testing 
is required other than that called out in the data sheet, 
Intersil issues an ITS number to describe the part. Exam- 
ples of tighter testing which can be performed on packaged 
samples is shown as follows: 
FET & DUAL FET PAIRS 

1. Leakages to 1 pA (Iqss) 

2. RDS(on) to as low as 3 ohms 

3. iD(off) to 10 pA 

4. loss to 1 amp (pulsed) 

5. gfs to 20,000 jumho 

6. gos to 1 juiTTiho 

7. en noi^e to 5.nV/^Hz at frequencies of 10Hz to 
100Hz 

8. CMRR to lOOdB 

9. A(Vgsi -VgS2)/AT down to lO/uV/^C to an LTPD 
of 20% 

10. gm match to 3% 

11. loss match to 3% 
TRANSISTOR PAIRS 

1. Leakages to as low as IpA 

2. Beta with collector current up to 50mA and as low as 
lOOnA 

3. fj up to 500MHz with collector currents in the range 
of lOjLiA to 10mA 

4. Noise measurements as low as 5nV/^Hz from 
10Hz to 100kHz 

5. A(Vbei - VbE2)/ at to 1 0^l^/rC to an LTPD of 20% 
VISUAL INSPECTION 

Individual chips are 100% inspected to MIL-STD-750, 
Method 2072 or, as an option, MIL-STD-883, Level B. 
Inspection is done to an LTPD of 20%. As an option, Intersil 
offers S.E.M. capability on all wafers. 



DIE & WAFER ORDERING INFORMATION 



CMOS INTEGRATED CIRCUIT CHIPS 



INTRODUCTION 

tn addition to discrete device cl^ips, Intersil also offers a 
full line of metal gate CMOS integrated circuits In die form. 
Die sales, however, present some unique problems. In 
many cases, chips cannot be guaranteed to the same 
electrical specificatiohs as can the packaged parts. This is 
because leakage, noise, AC parameters and temperature 
testing cannot be guaranteed to the same degree of 
accuracy for dice as for packaged devices. 

GENERAL PHYSICAL INFORMATION 

• Chips are available with precise length and width 
dimensions, ±2 mils in either dimension. 

• Chip thickness is 9 to 20 mils, depending on device 
type. 

• Bonding pad and Interconnected material is 
aluminum, 10K to 15K A thick. 

• Each die surface Is protected ,by planar passivation 
' and additional surface glassivation except for 

bonding pads and scribe lines. 7"he surface 
passivation is removed from the bonding pad areas 
by an HF etchant; bonding pads may appear 
discolored at low magnification due to surface 
roughness of the aluminum caused by the etchant. 



• Dice are 100% tested to DC electrical 
specifications, at 25°C then visually inspected 
according to MIL-STD-883, Method 2010.2, condition 
B, with modifications reflecting CMOS requirements. 

• Bonding pad dimensions are 4.0x4.0 mils minimum. 

• Storage temperature is -40°C to +150°C. 

• Guaranteed AQL Levels: 

Visual 2.0% 

Functional electrical testing 1.0% 

Parametric DC testing 4.0% 
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DIE & WAFER ORDERING INFORMATION 



RECOMMENDED DICE ASSEMBLY 
PROCEDURES 

CLEANING 

Dice supplied in die form do not require cleaning prior to 
assembly. However, if cleaning is desired, dice should be 
subjected to freon TF in a vapor degreaser and then vapor- 
dried. 
RECOMMENDED HANDLING 

Intersil recommends that dice be stored in the vacuum- 
sealed plastic bags which hold the dice carriers. Once 
removed from the sealed bags, the dice should be stored in 
a dry, inert-gas atmosphere. 

Extreme care should be used when handling dice. Both 
electrical and visual damage can occur as the result of an 
unclean environrrient or harsh handling techniques. 
DIE ATTACH 

The die attach operation should be done under a 
gaseous nitrogen ambient atmosphere to prevent oxidiza- 
tion. If a eutectic die attach is used, it is recommended that 
a 98% gold/2% silicon preform be used at a die attach 
temperature between 385°C and 435°C. If an epoxy die 
attach is used, the epoxy cure temperature should not 
exceed 150°C. If hermetic packages are used, epoxy die 
attach should be carried out with caution so that there will 
be no "outgassing" of the epoxy, 
BONDING 

Thermocompression gold ball or aluminum ultrasonic 
bonding may be used. The wire should be 99.99% pure gold 
and the aluminum wire should be 99% aluminum/1% 
silicon. In either case, it is recommended that 1 .0 mil wire be 
used for normal power circuits. 



STANDARD DIE CARRIER PACKAGE 

• Easy to handle, store and inventory. 

• 100% electrically probed with electrical rejects 
removed. 

• 100% visually sorted with mechanical and visual 
rejects removed. 

• Easy visual inspection — dice are in carriers, 
geometry side up. 

• Individual compartment for each die. 

• Carriers usable in customer production area. 

• Carrier may be used as storage contained for 
unused dice. 

• Carriers hold 25, 100 or 400 dice, depending on die 
size and quantity ordered. 

• Packing of integrated circuit dice in carriers is 
identical to illustration shown earlier for discrete 
device, except that IC chips are not available in vial 
packs or in wafer form. 

CHANGES 

Intersil reserves the right in improve device geometries 
and manufacturing processes without prior notice. Although 
these improvements may result in slight geometry changes, 
they will not affect dice electrical limits, pad layouts, or 
maximum die sizes. 
USER RESPONSIBILITY 

Written notification of any non-conformance by Intersil of 
Intersil's dice specifications must be made within 75 days of 
the shipment date of the die to the user. Intersil assumes no 
responsibility for the dice after 75 days or after further user 
processing such as, but not limited to, chip mounting or wire 
bonding. 
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HIGH-RELIABILITY/MILITARY PRODUCTS 



100% INTEGRATED CIRCUIT PROCESSING 

Intersil is committed to build and process integrated 
circuits for the Military/ High-Rel market segments in confor- 
mance with MIL-STD-883 and MIL-M-38510. Any customer 
drawing which specifies testing as set forth In these 
documents will be automatically processed to the latest 
revisions of MIL-STD-883 and MIL-M-38510, unless specific 
requests are made to the contrary. 

HI-REL PROCESS OFFERINGS 

38510 PRODUCTS 

Intersil holds QPL1 status on a number of JAN MIL-M- 
38510 products as listed herein. As required by JAN 
specifications, these products are fabricated, assembled, 
and 100% processed within the United States and are fully 
compliant with all the requirements, procedures, and meth- 
ods as given in MIL-M-38510 Revision F and MIL-STD-883 
Revision C. 
883B PRODUCTS 

The 883B flow diagram represents product processed in 
accordance with Method 5004 and Method 5005 of MIL- 
STD-883 R6v. C, Class B. Most prodilicts listed as /883B 
herein are available as compliant to paragraph 1.2 of Ml L- 
STD-883B Rev. C while others are available only as non- 
compliant at this time (Allowances for sale of non-compliant 
/883B products are covered in notice 3 of MIL-STD-883 
Rev. C). Check with Intersil Customer Service as to the 
compliant status of individual product offerings at any point 
in time. 
HR PROPUCTS 

The HR flow diagram, newly offered by Intersil, repre- 
sents high reliability hermetic product utilizing many, but not 
necessarily all, of the test methods and requirements of 
MIL-STD-883 Rev. C, to be used in high reliability applica- 
tions where some deviations from Rev. C may be justified 
and economic advantages realized. Such product may not 
be branded /883B but may be branded /HR or a special 
brand as required as purchase order. 
BR PRODUCTS 

The BR flow diagram, newly offered by Intersil, repre- 
sents hermetic or plastic encapsulated product intended for 
application in the computer, industrial, or hi-rel commercial 
marketplace. In addition to 100% burn-in, many other 
reliability processing steps are included to enhance quality 
levels on shipped parts and to improve long term reliability 
characteristics. Such product may be branded /BR or as 
required by purchase order. 

Contact Product Marketing for availability and pricing on 
883B, HR and BR products not listed here. 
100% DISCRETE DEVICE PROCESSING 

Intersil also offers several QPL-approved discrete prod- 
ucts carrying the JANTX designation, which are screened 
and qualified to the latest revisions of MIL-STD-750 and 
MIL-S-19500. 



38510 

Per MILM-38510 

Slash Sheet 



us Build and Assembly 



Traceability to Water & Inspection Lots 



Stabilization BaKe 
Method 1008 Cond C 
24 hrs i& + 150*C 



Temperature Cycle 
Method 1010 Cond C 
10 Cycles, - 65*C to + 150*C 



Constant Acceleration 
Method 2001, Cond E, 30 kg 



Initial (Pre Burn In) Electrical Parameters per 
Applicable Device Specification 



Inierium (Post Bum In) Electrical Paranr>elers 
per Applicable Device Specification 

5% Defective Allowable (PDA) Unless 

Otherwise Specified 



Final Electrical per Applicable Device 
Specification 

Static, Dynamic, Functional, & Switching 

@ 25'C 

Static @ Max Operating Temperature 

Static @ Mm Operating Temperature 



Quality Conformance Inspection per Method | 


5005 








Group A 


Table 1 Each Lot per Applicable 1 


Device Specification 






SUBGRP 


TEST 


TEMP 


LTPD 


- 1 


Static 


25'C 


2 


- 2 


Static 


Max 


3 


- 3 


Static 


Mm 


5 


- 4 


Dynamic 


25'C 


2 


- 5 


Dynamic 


Max 


3 


- 6 


Dynamic 


Mm 


5 


- 7 


Func 


25'C 


2 


- 8 


Func 


Mm /Max 


5 


- 9 


Switch 


25'C 


2 


- 10 


Switch 


Max 


3 


- 11 


Switch 


Mm 


5 


Group B Table MB, Each Inspection Lot 




Group C Table III, 3 Mo Periodic 




Group D Table IV, 6 Mo Periodic 





Device Marking 
Intersil Logo 
JM 38510/XXX XX XXX 
Date Code 



/883B(1,2,4) 

Per MIL-STD-883 

Rev. C, Class B 

Screening per Method 5004 



HR(1,2,4) 

In-House Hi Rel Processing 

Flows Performed 100% Unless 

Otherwise Noted Applies to 

IC's and Hybrids 



Traceability to Wafer & Inspec Lots 



Constant Acceleration 
Method 2001, Cond E, 30 kg 



Initial (Pre-B I ) Elec Parameters per 
Applicable Device Specification 



Interim (Post B I ) Elec Parameters 

per Applicable Device Specification 

5% Defective Allowable (PDA) Unless 

Otherwise Specified 



Final Elect per Applicable Device 

Specification, Static, Dynamic, 

Functional, & Switching @25°C 

Static @ Max Operating Temperature 

Static @ Mm Operating Temperature 



Quality Conformance Inspec per 

Method 5005 Group A Table 1, 

Ea Lot per Applicable Device Spec 



SUBGRP 


TEST 


TEMP 


— 1 


Static 


25''C 


— 2 


Static 


Max 


- 3 


Static 


Min 


— 4 


Dynamic 


25°C 


- 5 


Dynamic 


Max 


— 6 


Dynamic 


Mm 


- 7 


Func 


25''C 


- 8 


Func 


Mm /Max 


- 9 


Switch 


25 °C 


— 10 


Switch 


Max 


— 11 


Switch 


Min 



Group B Table MB, Ea Inspection Lot 
Group C Table III, Twelve Mo Periodic 
Group D Table IV, Twelve Mo Periodic 



Stabilization Bake 
Method 1008, Cond C 



Constant Acceleration 
Method 2001, Cond E, 30 kg 



Initial (Pre-B I ) Elec Parameters per 
Applicable pevice Specification 



Burn-In Test 
160 Hrs Mm , T^ = -k125»C or Equi 



QA Acceptance Sample per Applicable 
Device Spec (3) 



DC @ 25 °C 
DC ©Max'C 
DC@Min'>C 
Func @25''C 
Func ©Mm/Max" 
AC @25°C 



LTPD = 5 
LTPD = 7 
LTPD = 7 
LTPD = 5 
LTPD = 10 
LTPD = 5 



I Elec Test/Applicable Device Spec (3) I 



External Visual per Instersil Spec 

QCI Data 

Group B = 6 Weeks 

Group C = 12 Months 

Group D = 12 Months 



Device Marking 
Intersil Logo 
Product Code /HR 
Date Code 



Device Marking 
Intersil Logo 
Product Code /883B 
Date Code 
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BR (1,2) 

Performed 100% Unless Otherwise Noted 

APPLIES TO IC'S AND HYBRIDS 



Temperature Cycle 
5 Cycles -65°Cto +150°C 



Bl(1,2) 

Performed 100% Unless Otherwise Noted 

APPLIES TO IC'S ANY HYBRIDS AND TRANSISTORS 



Hermeticity 
Fine & Gross Leak (4) 
Method 1014 



Electrical Test per Data Sheet (3) 
DC ® T^ = 25'>C 



Burn- n Test 

96 Hrs Mm , T^ = 25°C 

or Equivalent 



QA Acceptance Sample per Data Sheet (3) 
DC @ aS'C LTPD = 5 
Func @25°C LTPD = 5 
AC @25°C LTPD = 5 



External Visual 
per Instersil Specification 



I Pressure Pot— Plastics Only 72 Hrs (5, 7) ] 



Device Marking 
Intersil Logo 
Product 
Code/BR 
Date Code 



Internal Visual 
per Intersil Specification 



Stabilization Bake (6) 
Method 1008, Cond C 



Constant Acceleration (4, 7) 
per Method 2001, Cond E 



Hermelicity (4, 7) 
Fine & Gross Leak 
per Method 1014 



Burn-In Test 

96 Hrs Mm , T;^ = -i-125''C 

or Equivalent 



Electrical Test (3) 

per Data Sheet 

Ta = 25''C 



QA Acceptance (3) 
Sample per Data Sheet 

DC @ 25<>C LTPD = 5 
Func @25°C LTPD = 5 

AC @25°C LTPD = 5 



Device Marking 
Intersil Logo 
Product Code /Bl 
Date Code 



FOOTNOTES: 

(1) Governing Document, Order of Precedence 
A. Purchase Order Contract 

B Detail Specification 
C This Flow 

(2) Where test methods are indicated, the test wil! be performed to MIL-STD-883. 

(3) With exception of parameters guaranteed by basic design, not tested 

(4) Does not apply to plastic packages. 

(5) May be performed any time after encapsulation. 

(6) For Plastic 12 Hrs @ 140°C± 10°C 

(7) Weekly Reliability Monitor 

(8) For Plastics-Thermal Shock Method 1011. 



standard Product (1 ,2) 

Performed 100% Unless Otherwise Noted 

APPLIES TO IC'S AND HYBRIDS AND TRANSISTORS 



Internal Visual 
Per Intersil Specification 






Stabilization Bake (6) 1 
Per Method 1008, Cond C | 






Temperature Cycle (7, 8) 
Per Method 1010, Cond C 






Constant Acceleration (4, 7) 
Per Method 2001, Cond E 


. 




Fine & Gross Leak 
Per Method 1014 




'_ _ 


Electrical Test per Data Sheet (3) 
T^ = 25°C 






OA Acceptance Per Data Sheet (3) 

DC @ asoc AQL = 0065% 
Func ©aS'C AQL = 0065% 
AC @Z5°C AQL = 0065% 






QC External Visual 
1% AQL 






Pressure POT-Plastics Only (5, 7) 
72 Hours 






Device Marking 
Intersil Logo 
Product Code 
Date Code 



FOOTNOTES: 

(1) Governing Document, Order of Precedence 
A Purchase Order Contract 

B Detail Specification 
C This Flow 

(2) Where test methods are Indicated, the test will be performed to MIL-STD-883 

(3) With exception of parameters guaranteed by basic design, not tested 

(4) Does not apply to plastic packages. 

(5) May be performed any time after encapsulation 

(6) For Plastic 12 Hrs @ MCCilCC 

(7) Weekly Reliability Monitor 

(8) For Ptestics-Thermal Shock Method 1011 
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High-Reliability/Military Products 

Discrete Products JANTXV, MNTX and JAN 

Per MIL-S-19500 and MIL-STD-750 

Performed 100% unless otherwise noted 



JANTXV 

PRESEAL INSPECTION 
METHOD 2072 



STABILIZATION BAKE 

METHOD 1031 

24HRS@ +200°C 



TEMPERATURE 

CYCLE 

METHOD 1051, COND C 

- 65°C TO + 200°C 

20 CYCLES 



JANTX 

PRESEAL 
INSPECTION 
STANDARD 



STABILIZATION BAKE 

METHOD 1031 

24HRS @ -h200°C 



TEMPERATURE 

CYCLE 

METHOD 1051, COND C 

~ 65X TO + 200°C 

20 CYCLES 



JAN 

PRESEAL 
INSPECTION 
STANDARD 



STABILIZATION BAKE 

METHOD 1031 

24HRS@ +200°C 



TEMPERATURE 

CYCLE 

METHOD 1051, COND C 

- 65''C TO + 200°C 

20 CYCLES 



CONSTANT ACCELERATION 
METHOD 2006 
Y1 AXIS, 20 KG 



CONSTANT ACCELERATION 
METHOD 2006 
Y1 AXIS, 20 KG 



CONSTANT ACCELERATION 
METHOD 2006 
Y1 AXIS, 20 KG 



FINE LEAK 

METHOD 1071 

COND HORG 

MAX LEAK RATE 

5 X 10° 



GROSS LEAK 
METHOD 1071 
CONDITION C 



ELECTRICAL 

TEST 

INTERIM ELECT 

AND DELTA 

PARAMETERS 

PER SLASH SHEET 



FINE LEAK 

METHOD 1071 

COND GORH 

MAX LEAK RATE 

5 X 10-' 



GROSS LEAK 
METHOD 1071 
CONDITION C 



ELECTRICAL 

TEST 

INTERIM ELECT 

AND DELTA 

PARAMETERS 

PER SLASH SHEET 



FINE LEAK 

METHOD 1071 

COND G OR H 

MAX LEAK RATE 

5 X 10-« 



BURN-IN 
METHOD 1039 



BURN-IN 
METHOD 1039 



FINAL ELECTRICAL 

TEST 

100% PER SLASH SHEET 

INC DELTA 

PARAMETERS AND 

PDA 



QUALITY CONFORMANCE 

GROUP A 

ACCEPTANCE PER 

SLASH SHEET 



QUALITY CONFORMANCE 

GROUP B/C 

ACCEPTANCE PER 

SLASH SHEET 



EXTERNAL VISUAL 

METHOD 2071 

1 0% AQL OR EQUIVALENT 



DEVICE MARKING 

INTERSIL LOGO 

PART NUMBER 

DATE CODE 



FINAL ELECTRICAL 

TEST 

100% PER SLASH SHEET 

INC DELTA 

PARAMETERS AND 

PDA 



QUALITY CONFORMANCE 

GROUP A 

ACCEPTANCE PER 

SLASH SHEET 



QUALITY CONFORMANCE 

GFtOUP B/C 

ACCEPTANCE PER 

SLASH SHEET 



EXTERNAL VISUAL 

METHOD 2071 

1 0% AQL OR EQUIVALENT 



DEVICE MARKING 

INTERSIL LOGO 

PART number' 

DATE CODE 



FINAL ELECTRICAL 

TEST 

100% PER 

SLASH SHEET 



QUALITY CONFORMANCE 

GROUP A 

ACCEPTANCE PER 

SLASH SHEET 



QUALITY CONFORMANCE 

GROUP B/C 

ACCEPTANCE PER 

SLASH SHEET 



EXTERNAL VISUAL 
1 0% AQL OR EQUIVALENT 



DEVICE MARKING 

INTERSIL LOGO 

PART NUMBER 

DATE CODE 



HIQH RELIABILITY PROCESSING 
PROCESS FLOW SELECTION GUIDE 
-STANDARD IC PROCESS FLOWS- 





38510 


883B 














JAN 


REV. C. 


HR 


BR 


Bl 


COMMERCIAL 


NOTES 


ON-SHORE BUILD 


X 














WAFER LOT tRACEABILITY 


X 


X 










2 


PRE-CAP VISUAL M2010B 


X 


X 


X 


X 








STABILIZATION BAKE 


X 


X 


X 


X 


X 


X 




TEMPERATURE CYCLE 


X 


X 


X 


X 


s 


s 


3 


CENTRIFUGE 


X 


X 


X 


s 


$ 


s 




HERMETICITY 


X 


X 


X 


X 


s 


s 




ELECTRICAL TEST 


X 


X 


X 


X 


X 






BURN-IN 


X 


X 


X 


X 


X 






ELECTRICAL TEST 


X 


X 


X . 


X 


X 


X 




POST BURN-IN PDA 


X 


X 












D.C. ELEpT. @ 3 TEMPS. 


X 


X 












A.C. ELECT. @ 25°C 


X 


X 


X 










GROUP A SAMPLE INSPECTION 


X 


X 


X 


X 


X 


X 




GROUP B EAC INSP. LOT 


X 


X 


S 


s 


s 


s 


3 


STRICT DOCUMENTATION 


X 


X 












GROUP C & D INSPECTION 


S 


S 


G 


G 






3 



1 ONLY MAJOR IC PROCESSING DIFFERENCES ARE SHOWN HERE SEE DETAIL FLOWS ON FOLLOWING PAGES FOR MORE SECIFIC 
DATA. CHART IS FOR HERMETIC PACKAGES ONLY MINIMUM REQUIREMENTS ARE SHOWN. 38510 IS CLASS B. 

2 WAFER LOT TRACEABILITY MAINTAINED AND AVAILABLE AT EXTRA CHARGE FOR OTHER PRODUCTS. 

3 S = SAMPLE TEST ON REGULAR BASIS 

X = PERFORMED 100% G = GENERIC DATA 

4. INTERSIL ALSO OFFERS "SPECIALS" TO SPECIFIC CUSTOMER SCD'S SPECIALS ARE AVAILABLE WITH ANY OF THE ABOVE 
PROCESSING PLUS SEM, FIND, ETC. 

HIGH RELIABILITY PROCESSING 

PROCESS FLOW SELECTION GUIDE 

-STANDARD TRANSISTOR PROCESS FLOWS- 





JANTXV 


JANTX 


JAN 


11 


COMMERCIAL 


NOTES 


ON-SHORE BUILD 


X 












INSPECTION LOT TRACEABILITY 


X 


X 








2 


PRE-CAP VISUAL 


X 


X 


X 








STABILIZATION BAKE 


X 


X 


X 


x 


X 




TEMPERATURE CYCLE 


X 


X 


X 


s 


s 


3 


CENTRIFUGE 


X 


X 




s 


s 




HERMETICITY 


X 


X 


X 


s 


s 




ELECTRICAL TEST 


X 


X 




X 






BURN-IN 


X 


X 




X 






ELECTRICAL TEST 


X 


X 










POST BURN-IN PDA 


X 


X 










D.C. ELECT. @ 25°C 


X 


X 


X 


X 


X 




A.C. Fl FCT. @ 25°C 


X 


X 


X 


X 


X 




GROUP A 


X 


X 


X 


X 


X 




GROUP B EACH INSP. LOT 


X 


X 


s 


G 


G 


3 


STRICT DOCUMENTATION 


X 


X 


X 








GROUP ,C INSPECTION 


S 


> s 


s 









NOTES: 

1 ONLY MAJOR TRANSISTOR PROCESSING DIFFERENCES ARE SHOWN HERE SEE DETAIL FLOWS ON FOLLOWING PAGES FOR MORE 
SPECIFIC DATA CHART IS FOR HERMETIC PACKAGES ONLY MINIMUM REQUIREMENTS ARE SHOWN. 

2 WAFER LOT TRACEABILITY MAINTAINED AND AVAILABLE AT EXTRA CHARGE FOR OTHER PRODUCTS. - 

3. S = SAMPLE TEST QN REGULAR BASIS 

X = PERFORMED 100%. G ^ GENERIC DATA 

4. INTERSIL ALSO OFFERS "SPECIALS" TO SPECIFIC CUSTOMER SCD'S SPECIALS ARE AVAILABLE WITH ANY OF THE ABOVE 
PROCESSING PLUS SEM, FIND, ETC. 




MIL-STD-883 REV. C, CLASS B 





GROUP A 
ELECTRICAL TESTS 






















































SUBGROUP 1 

STATIC (DC) 

TESTS @ 

25?C 

LTPD = 2 


SUBGROUP 3 

STATIC (DC) 
TESTS @ 
MIN. TEMP. 

LTPD = 5 




SUBGROUP 4 

DYNAMIC 

TESTS @ 

25"C 

LTPD = 2 




SUBGROUP 6 

DYNAMIC 
TESTS @ 
MIN. TEMP. 

LTPD = 5 




SUBGROUP 7 

FUNCTIONAL 
TESTS 

@25»C 

LTPD = 2 




SUBGROUP 9 

SWITCHING 

(AC) TESTS 

@25»C 

LTPD = 2 




SUBGROUP ^1 

SWITCHING 

(AC) TESTS® 

MIN. TEMP 

LTPD = 5 












































SUBGROUP 2 

STATIC (DC) 

TESTS @ 
MAX. TEMP. 

LTPD = 3 




SUBGROUP 5 

TESTS @ 
MAX. TEMP. 

LTPD = 3 




SUBGROUP 8 

FUNCTIONAL 

TESTS @ 

MAX. &MIN. 

TEMPS. 

LTPD = 5 




SUBGROUP 10 

SWITCHING 
(AC) TESTS @ 
MAX. TEMP. 

LTPD = 3 





Notes: 

1 The specific parameters to be included for tests in each subgroup shall be specified in the applicabte pro- 
curement document Where no parameters have been identified in a particular subgroup or test within a 
subgroup, no Group A testirtg is required for that subgroup or test. 

2 A single sample may be used for all subgroup testing Where required size exceeds the lot size, 100% inspec 
tion shall be allowed 

3 Maximum accept number is 2 





















GRO 


UPB 


- 












\ 




SUBGF 


0UP1 






SUBGP 


0UP3 






SUBGF 


^0UP5 






SUBG 


ROUP 7 


METHOD 2016 






METHOD 2003 






METHOD 2011 






METHOD 1014 


PHYSICAL 






SOLDERABILITY 






BOND 






FINE ANP 


DIMENSIONS 






LTPD = 15 






STRENGTH 






GROSS LEAK 


QTY = 2(0) 












LTPD = 15 






LTPD = 5 




SUBG 


^OUP 2 1 




SUBGI 


^OUP 4 1 




SUBGF 


*OUP 6 






METHOD 2015 




METHOD 2014 




r*- METHOD 1018 






RESISTANCE 
TO SOLVENTS 

QTY = 4(0) 




INTERNAL VISUAL 

AND 

MECHANICAL 




WATER-VAPOR 
CONTENT 
OTY = 3(0) 






















QTY = 1(0) 










^ (NOTE 1) 









Notes: 

1 Required only if package contains a desiccant 

2 Where no LTPD is shown, QTY ^ sample size and (#) = 







/'.; 


GROUP C 








SUBGP 


0UP1 1 




SUBGROUP 2 


METHOD 1005 

STEADY STATE 

LIFE TEST 




METHOD 1010 

TEMPERATURE 

CVCLING 


LTPD = 5 




METHOD 2001 

CONSTANT 

ACQELERATION 








METHOD 1014 
SEAL 














LTPD = 15 





















GRO 


UPD 


" .' 






















SUBGF 


0UP1 






SUBGP 


0UP3 , 






SUBGP 


0UP5 






SUBGP 


0UP7 






METHOD 2016 

PHYSICAL 
DIMENSIONS 






METHOD 1011 
THERMAL 
SHOCK 






METHOD 1009 

SALT 
ATMOSPHERE 






METHOD 2025 
ADHESION OF 
LEAD FINISH 






LTPD = 15 






METHOD 1010 

TEMPERATURE 

CYCLING 

METHOD 1004 

MOISTURE 
RESISTANCE 






METHOD 1014 
SEAL 

LTPD = 15 






lTPD = 15 










. 


















SEAL 
LTPD = 15 
















SUBGROUP 2 

METHOD 2004 
LEAD INTEGRITY 

METHOD 1014 
SEAL 

LTPD = 15 






SUBGROUP 4 

METHOD 2002 

MECHANICAL 

SHOCK 

METHOD 2007 

VARIABLE 
FREQUENCY 
VIBRATION 

METHOD 2001 

CONSTANT 

ACCELERATION 




SUBGROUPS 

METHOD 1018 
INTERNAL 

WATER-VAPOR 
CONTENT 

QTY = 3(0> 




SUBGROUP 8 

r*^ METHOD 2024 
LID TORQUE 

QTY = 5(0) 
L (N0TE1) 
























METHOD 1014 
SEAL 
























LTPD = 15 

























Notes 

1 Applies if package has a Fnt-Seal ' , 

2 Where no LTPD is shown, QTY = sample size and (#) = maximum allowed rejects 




Ordering Information for 
i\/IIL-S-1950p Processed Devices 

The following Intersil devices are available as a standard Processed 
to MIL-S-19500. To order, order by the part number as shown 
below: 



Part Number 


Slashsheet 


Part Number 


Slashsheet 


2N3821JAN 


MIL-S-1&600/375 


2N4856JTXV 


MIL-S-1 9500/385 


2N3821JTX 


MIL-S-1 9500/375 


2N4857JAN 


MIL-S-1 9500/385 


2N3821JTXV 


MIL-S-1 9500/375 


2N4857JTX 


MIL-S-1 9500/385 


2N3823JAN 


MIL-S-1 9500/375 


2N4857JTXV 


MIL-S-1 9500/385 


2N3823JTX 


MIL-S-1 9500/375 


2N4858JAN 


MIL-S-1 9500/385 


2N3823JTXV 


MIL-S-1 9500/375 


2N4858JTX 


MIL-S-1 9500/385 


2N4091JAN 


MIL-S-1 9500/431 


2N4858JTXV 


MIL-S-1 9500/385 


2N4091JTX 


MIL-S-1 9500/431 


2N5114JAN 


MIL-S-1 9500/476 


2N4091JTXV 


MIL-S-r9500/431 


2N5114JTX 


MIL-S-1 9500/476 


2N4092JAN 


MIL-S-1 9500/431 


2N5114JTXV 


MIL-S-1 9500/476 


2N4092JTX 


MIL-S-1 9500/431 


2N5115JAN 


MIL-S-1 9500/476 


2N4092JTXV 


MIL-S-1 9500/431 


2N5115JTX 


MIL-S-1 9500/476 


2N4093JAN 


MIL-S-1 9500/431 


2N5115JTXV 


MIL-S-1 9500/476 


2N4093JTX 


MIL-S-1 9500/431 


2N5116JAN 


MIL-S-1 9500/476 


2N4093JTXV 


MIL-S-1 9500/431 


2N5116^TX 


MIL-S-1 9500/476 


2N4856JAN 


MIL-S-1 9500/385 


2N5116JTXV 


MIL-S-1 9500/476 


2N4856JTX 


MIL-S-1 9500/385 







Ordering Information for 
iyiiL-IVI-38510 Slash Sheet Processed Devices 

The following Intersil devices are available as a standard processed 
to the 38510 Slash Sheets. To order, use the part number as shown 
below: 



Part Number 



Oeneric Number 



JM38510/1 1101 BAG 

JM3851 0/11 101 BCC 

JM38510/11101BIC 

JM38510/11102BAC 

JM38510/11102BCC 

^M38510/11102BIC 

JM385iO/11103BAC 

JM38510/11103BEC 

JM38510/11104BAC 

JM38510/11104BEG 

JM38510/11105BAC 

JM38510/11105BCG 

JM38510/11105BIG 

JM38510/11106BAG 

JM38510/11106BGG 

JM38510/11106BIG 

JM38510/11107BAG 

JM38510/11107BEG 

JM38510/11108BAG 

JM38510/11108BEG 

JM38510/12704BVG 



(DG181AL) 
(DG181AP) 
(DG181AA) 
(DG182AL) 
(DG182AP) 
(DG182AA) 
(DG184AL) 
(DG184AP) 
(DG185AL) 
(DG185AP) 
(DG187AL) 
(DG187AP) 
(DG187AA) 
(DG188AL) 
(DG188AP) 
(DG188AA) 
(DG190AL) 
(DG190AP) 
(DG191AL) 
(DG191AP) 
(AD7541TD) 



Ordering Information for 
DESC Drawing Processed Devices 

the following Intersil devices are available as a standard processed 
to the DESC Drawings. To order, use the part number as shown 
below: 



Part Number 



Generic Number 



Part Number 



Generic Number 



DESC77052-01EB 

DESC77052-01EX 

DESC77053-01EB 

DESC77053-01EX 

DESC81 006-01 AC 

DESC81 006-01 AX 

dESC81 006-01 EB 

DESC81 006-01 EX 

DESC81006-02AC 

DESC81006-02AX 

DESC81006-02EB 

DESC81006-02EX 

DESC8ld06-Q2IC 

DESC81006-02IX 

DESC81006-03AC 

DESC81006-03AX 

DESC81006-03EB 

DESC81006-03EX 

DESC81006-04AC 

DESC8lb06-04AX 

DESC81006-04EB 

DESC81006-04EX 



(IH6108MJE) 

{IH6108MJE) 

(DG201AK) 

(DG201AK) 

(IH5040MFD) 

(IH5040MFD) 

(IH5040MJE) 

(IH5040MJE) 

(IH5041MFD) 

(IH5041MFD) 

(IH5041MJE) 

(IH5041MJE) 

(IH5041MTW) 

(IH5041MTW) 

(IH5042MFD) 

(IH5042MFD) 

(IH5042MJE) 

(IH5042MJE) 

(IH5043MFD) 

(IH5043MFD) 

(1H5043MJE) 

(IH5043MJE) 



DE$C81006-05AC 
DESC81006-05AX 
DESC81006-05EB 
DESC81006-05EX 
DESC81006-06AC 
DESC81006-06AX 
DESC81006-06EB 
DESC81006-06EX 
DESC81006-07AC 
DESC81006-07AX 
DESC81006-07EB 
DESC81006-07EX 
DESC81006-08AC 
DESG81006-08AX 
DESC81006-08EB 
DESC81006-08EX 



(JH5044MFP) 
(IH5044MFD) 
(IH5044MJE) 
(IH5044MJE) 
(IH5045MFD) 
(IH5045MFD) 
(IH5045MJE) 
(IH5045MJE) 
(IH5046MFD) 
(IH5046MFD) 
(IH5046MJE) 
(IH5046MJE) 
(IH5047MFD) 
(IH5047MFD) 
(IH5047IV»JE) 
(IH5047MJE) 




10-15 



Hi^li fliLlABILITY PROCESSING 



GLOSSARY OF MILITARY/AEROSPACE 
HI-REL DEFINITIONS/TERMINOLOGY 

ACCELERATED BURN-IN^Same as "Burn-In", except 
that testing is carried out at an increased temperature 
(nominally 150**C) for redticed dwell time. Accelerated 
testing is not pern(iissible for Class S devices. 

ATTRIBUTES DATA — Go-No-Go data. Strictly pass/fail 
and number of rejects recorded. A typical requirement for 
post burn-in electrical tests on Class B devices. 

BASELINE — technique used to define manufacturing and 
test processes at time of order placement. Baselining 
usually Involves development of a Program Plan and an 
Acceptance Test Plan which include flow charts, specifica- 
tion identification/revision letters, QA procedures, and actu- 
al specimens of certain important specifications. During 
subsequent mahufacture and testing of parts, it is not 
permissible to make revisions or changes to any of the 
identified specifications, unless prior notification and possi- 
ble customer approval occurs. 

BURN-IN — A screening operation. Devices are subjected 
to high temperature (typically 125°C) and normal power/ 
operation for 160 hpurs (Class B devices) or 240 hours 
(Class S devices). 

CLASS S AND B INTEGRATED CIRCUITS — These clas- 
ses set forth the screening, sampling and document control 
requirements for IC testing.. Terminology is defined in Mlt- 
M-38510 and in test Methods 5004 and 5005 of MIL-STD- 
883. Classes, 8 and B are sometimes referred to as "Levels 
8 and B." The Classes cover: 

CLASS S — For space and satellite programs. 
Includes Condition A Precap, 8EM, 240 hour burn-in, 
PIND test and elaborate qualification and quality 
conformance testing. Normally requires extensive 
data, documentation, and program planning. 
Formerly referred to as Class A. Class 8 devices are 
quite expensive. 

CLASS B — For manned flight, and includes most 
frequently-procured military integrated circuits. Used 
for all but highest reliability requirements. Class B 
uses burn-in, pre-cap visual, etc. 

CORRECTIVE ACTION — Those actions which a given 
supplier (or user) agrees to perform so that a detected 
problem does not reoccur. 

DESC — Defense Electronic 8upply Center, located in 
Dayton, Ohio. 

DESC LINE CERTIFICATION — The document which ap- 
proves a supplier's facilities as an appropriate site to 
manufacture JAN parts. 

DPA — Destructive Physical Analysis. Finished products 
are opened and analyzed, in accordance with customer or 
MIL Spec criteria. 

GENERIC DATA — Data pertaining to a device family; not 
necessarily the specific part number ordered by the custom- 
er, but representative of parts in the family. Group B, C and 
D generic data is frequently requested in lieu of the 
performance of special qual tests on a given order. 

GROUP A — Sample electrical test which are performed on 
each lot. Group A is defined in Test Method 5005 for 
integrated circuits and in MIL-8-19500 for diodes and 
transistors. 



GROUP B — For Integrated Circuits, Package-Related En- 
vironmental Tests are performed for Class B Products per 
MIL-8tD-8&3, Method 5006 (F^or Revision Products) o^r per 
the "HR" program. For Cla,ss 8, Group B includes Additionr 
al Prodessing, including steady state life test. 

For Diodes and transistors, both enviromental and life test 
are perfprmed per MIL-8-19500. 

GROUP C —For Class B or "HR" program I.C.'s, Die- 
Related tests are performed. Not required for Class 8 
I.C.'s. Group C includes life testing temperature cycling and 
constant acceleratidn per MIL-M-38510. For diodes transis- 
tors. Group C includes both environmental' and life tests per 
MIL-8-19500. 

GROUP D — Additional Package-Related Environmental 
Test for I.C.'s for Class B or Class S products or per the 
"HR" program. 

JAN — "Joint Army Navy", a registered trademark of the 
U.S. Government. The JAN marking denotes a device 
which is in full compliance to MIL-M-38510 or MIL-8-19500. 

JAN TX — A JAN-qualified diode or transistor which has 
been subjected to additional screening and bum-in tests. 
MIL-S-19500 only. 

JAN TXV — A JAN-qualified diode or transistor which, in 
additional to burn-in testing, has been subjected to addition- 
al screening including pre-cap visual inspection, as wit^ 
nessed by a government source inspector. Equivalent to 
Class B screening for integrated circuits. MIL-8-19500 only. 

LTPD-Lot Tolerance Percent Defective is a sampling plan 
measurement criteria. 

MIL-M-38510 — The general military specification for inte- 
grated circuits. 

M38510/XXX — Detail specifications (or "slash sheets") 
for Integrated circuits. For example, the 101 specification 
covers Operational Amplifiers, with electrical requirements 
for the 741, LM101, 108, 747 types, etc. 

MIL-S-19500 — the general military specifications for di- 
odes and transistors. 

MIL-S-19500/XXX — Detail specifications (or "slash 
sheets" for diodes and transistors. 

Ml L-STD-750 — Specifies Test Methods for diodes and 
transistors, such as burn-in, pre-cap, temperature cycling, 
etc. 

MIL-STD-883 — Specifies test Methods for integrated cir- 
cuits, such as pre-cap, burn-in, hermeticity, storage life, etc. 

NPFC — Naval Publications and Forms Center, 
Philadelphia Printing and distribution source for military 
specifications. 

NON-STANDARD PARTS — In government terminology, 
refers to non-JAN devices. Non-standard parts are typically 
covered by user Source Control Drawings (8CD). 

NON-STANDARD PARTS APPROVAL — Approval by the 

government (frequently RADC) of non-JAN parts, typically 
on source control drawings, for use in a military system or 
program. This approval is essentially a waiver which permits 
non-JAN 38510 parts in a system which otherwise manda- 
torially requires JAN parts only. 



HIGH RELIABILITY PROCESSING 



^DIMInt^DiL 



OPERATING LIFE TEST — Same conditions as burn-in, 
but duration Is usually 1000 hours. This is a sample test 
(Qualification and Quality Conformance). 
PCA ^ Parts Configuration Analysis. A new term which has 
much the same meaning as "Baseline". ^ 

PDA — Percent Defective Allowable. Criteria sometimes 
applied to burn-in screening. MIL-STD-883 and MIL-M- 
38510 typically require either a 5% or 10% PDA. A 10% 
PDA means that if more than 1 0% of that lot fails as a result 
of burn-in (as determined by pre- and post-burn-in electrical 
tests) the entire lot is considered to have failed. 
PDS — Parameter Drift Screening. Measures the changes 
(As) In electrical parameters through burn-In. Common for 
Class S devices. 

PINO — Particle Impact Noise Detection. This is an audio 
screening test to locate and eliminate those parts which 
have loose internal particles. The test can isolate a high 
percentage of defectives, even In othenft/lse good lots. 
Repeatability of the tests Is questionable. This test Is one of 
the screening Items for Class' S integrated circuits. 
PREPARING ACTIVITY — The organizational element of 
the government which writes specifications, frequently 
RADC. 

PRES^AL VISUAL — A screening Inspection which in- 
volves observation of a die^through a microscope. 
PROCURING ACTIVITY — Per MIL-M-38510. this is the 
organizational element in the government which contracts 
for articles or services. The Pfocuring Activity can.be a, 
subcontractor (OEM), providing that the government dele- 
gates this responsibility. In such a case, the subcontractor 
does not have the power to grant waivers, unless this 
authority has been approved by the government. 
PRODUCT RELIABILITY — Pertains to the level of quality 
of a product ovser a period of time. Reliability is usually 
measured or expressed in terms of Failure Rate (such as 
"0.002% per 1000 hours) or MTBF (mean time between 
failure in hours). MTBF is the reciprocal of Failure Rate. 
GPL — Qualified Pl"Oducts List. In the case of JAN prod- / 
ucts, QPLs are Identified as QPL'-38510 for initegrated. 
circuits and QPL-1 9500 for diodes arid transistors. QPL- 
3851.0 revislohs occur approximately quarterly and QPL- 
1 9500 revisions occur approximately annually. In the Inter- 
im, the governrfj^ht will notify suppliers via letter of any new 
device qualifications which may have been granted. Two 
types of QPLs exl^t for MIL-M-38510: 

PART II GPL — This Is an interim or temporary QPL 
which is granted on the basis of having obtained line 
certification ; and approval of an Application to 
Cpnduct jQualtfiCiatlon Testing. A PART II QPL is 
automatically voided after 90 days whenever any^ 
one supplier is granted a PART I QPL , 
PART I QPL — A "permianent" QPL, grants after 
all qualification testing Is completed and test data is 
approved by the government. 
Qualifying activity — Per MIL-M-38510, the organi- 
zatlbnal element in the government which designates 
ceftificatlon (i.e., DESC). 



qualification testing — Initial ohe-tinfie sample te^ts 
which are performed to determine whether device typ^s 
and processes are good. For integrated circuits, this usually 
means testing to Groups A, B, C arid D per MIL-STD-883i 
For diodes and transistors, this usually means testing to 
Groups A, B and C per MIL-STD-75b. 

QUALITY CONFORMANCE TESTING — These are sam- 
ple tests which must be performed at prescribed intervals 
per MIL-M-38510 or.MIL-S-19500, assuring that processes 
remain in control and that individual lots are passed. 

RADC — Rome Air Development Command, Griffiss AFB, 
New York. This is the. government organization which 
created semiconductor specifications; MIL-M-38510 and 
MIL-STD-883 were developed at RADC. This Air Force unit 
develops specifications for all U.S. military services. RADC 
Is frequently Involved In granting waivers for non-standard 
parts for Air Force systems. 

READ AND RECORD DATA — Same as variable data. 

REWORK PROVISION — For semicoriductor devices, per- 
missible rework of parts is usually limited to re-testing 
(screening), re-marking, and cleaning. 

SCREENING — Operations which are performed on de? 
vices on a 100% basis (not sampling). Examples include 
pre-cap visual, burn-in hermeticity, 100% electrical test, etc. 

SEM INSPECTION — Inspection by Scanning Electron Mi- 
croscope. Die samples are ex€lmlned at very high magnifi- 
cation fprmetalWzaltJon defects. i 

SERIALIZATION — The marking of a unique part number 
on each p^rt, with assigned numbers marked sequentially/ 
consecutively. 

SCDs — Source Control Drawings. Typically user-generat- 
ed drawings which require development of internal IC 
vendor sheets. Although each drawing may be slightly 
different, all will be modelled around MIL-M-38510, MIL-S- 
19500, MIL-STD-883, or MIL-STD-750. , 

SOURCE iNSPl|CTION — Can be either Customer Source 
Inspection (CSIj or Government Source Inspection (GSI). 
Source Inspection, is Initiated via purchase order, ahd can 
typically occur kt one or more points: 

• Pre-cap Visual. Expensive and adds to throughput 
time. . 

• Final Inspection. . 

TRACEABILITY — A production and manufacturing control 
system which includes: 

♦ Wafer ri^n identification number. 

• Date pre-cap visual, Inspection was performed, 
^Mdentity of inspector, and specification number and 

revfsloa./ 

# J.6t nulnber and inspection history. 

# ,QA Group A electrical results: 

VARIABLE DATA — Read and recorded electrical meas- 
; urem^nts (parametric values). Usually required for pre- and 
post-burn-in electrrcal tests. Also common for Group C.ahd 
D testing. 
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1 


Ik£I 


^2 


jH 
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M 


^j 






JB 
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PART NUMBERING SYSTEM 



Examples of Intersil Part Numbers 



BASIC 


ELECTRICAL 
OPTION 


TEMP PKG 


PIN 


ORDER # 


ICH8500' 


A 


C 


T 


V 


ICH8500ACTV 


|iCL8038' ' 


C 


c ^ 


P 


D 


ICL8038CCPD 


IH5040 




M 


D 


E 


IH5040MDE 



ON ALL INTERSIL IC PART NUMBERS. THE LAST 
THREE LETTERS ARE TEMPERATURE, PACKAGE, AND 
NUMBER OP PINS, RESPECTIVELY. 



PACKAGE: A 


TO-237 ! 


, B 


Plastic flat-packs 


. c 


TO-220 


D 


Ceramic dual-In-line 


E 


Small TO-8 , 


F 


Ceramic flat-pack 


H 


TO-66 


1 


16 pin (.6x.7 pin spacing) 




hermetic hybrid dip 


J 


Cerdip dual-in-line 


K 


TO-3 


L 


' Leadless, ceramic 


P 


Plastic dual-in-line 


. ,• ' S 


Ta52 


■T • 


TO-5 type, 


(also TOr78, TO-99, TO-100) 


U 


TO-72,type. 


(also TO-ie, TO-71) 


V 


TO-39 


z 


TO-92 


/w 


Wafer 


/D 


Dice 


NUMBER A 


8 P 20 


OF PINS: 




B 


10 Q 2 


C 


12 R 3 


D 


14 S 4 


E 


16 T 6 


.tF,' 


22 U 7 


. G 


24 V . 8 (0.200" pin circle, 




isolated case) 


H 


42 


1 


28 W 10 (0.230" pin circle. 




isolated case) 


J 


32 


K 


35 Y 8 (0.200" prn circle, 




case to pin 4) 


L' 


40 


M 


48 Z 10 (0.230" pin circle, 




case to pin 5) 


N 


18 
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APPLrCATION NOTE SUMMARY 



The following are brief descriptions of current Intersil 
Application notes. 

A003 UNDERSTANDING AND APPLYING THE ANALOG 
SWITCH 

Introduces analog switches and compares them to 
relays. Describes CMOS, hybrid (FET + driver), J- 
FET "virtual ground" and J-FET "positive signal" 
types. Application Information included. 

A004 IH5009 LOW COST ANALOG SWITCH SERIES 
Compares the members of the IH5009 "virtual 
ground" analog switches and provides suggested 
applications. 

A005 THE 8007 — A HIGH PERFORMANCE FET INPUT 
OP AMP 

Compares the 8007 with the 741, which is pin 
compatible and suggests applications such as 
logantllog amplifier, sample and hold circuit, 
photometer, peak detector, etc. 

A007 USING THE 8048/8049 MONOLITHIC LOG- 
ANTILOG AMPLIFIER 

Describes in detail the operation of the 8048 
logarithmetic amplifier, and Its counterpart, the 8049 
antilog amp. 

A011 A PRECISION FOUR QUADRANT MULTIPLIER — 
THE 8013 

Describes, in detail, the operation of the 8013 
analog multiplier. Included are multiplication, 
division, and square root applications. 

A013 EVERYTHING YOU ALWAYS WANTED TO KNOW 
ABOUT THE 8038 

This note includes 17 of the most asked questions 
regarding the use of the 8038. 

A015 DESIGN FOR A BATTERY OPERATED 
FREQUENCY COUNTER 
Describes a low cost battery operated frequency/ 
period counter using the 7207A and 7208. Includes 
specifications, schematics, PC layout, etc. 

A016 SELECTING A/D CONVERTERS 

Describes the differences between integrating 
converters and successive approximation 
converters. Includes a checklist for decision making, 
and a note on multiplexed data systems. 

A017 THE INTEGRATING A/D CONVERTER 

Provides an explanation of integrating A/D 
converters, together with a detailed error analysis. 

A018 DO'S AND DONT'S OF APPLYING A/D 
CONVERTERS 

An analysis of proper design techniques using D/A 
converters. 

A019 4V2 DIGIT PANEL METER DEMONSTRATION/ 
INSTRUMENTATION BOARDS 
Describes two typical PC board layouts using the 
8052A/7103A 4V2 digit A/D pair. Includes 
schematics, parts layout, list of materials, etc. Also 
see A028. 

A020 A COOKBOOK APPROACH TO HIGH SPEED DATA 
ACQUISITION AND MICROPROCESSOR 
INTERFACING 

Uses the building block approach to design a 
complete 12 volt system. Explains the significance 
of each component and demonstrates methods for 



microprocessor interfacing, Including' the Use of 
control signals. 

A62I POWER D/A CONVERTERS USING THE ICH 861 
Detailed analysis of the 8510. Included are a section 
describing the linearity of the device and application 
notes for driving servo motors, linear and rotary 
actuators, etc. Also see A026. 

A022 A NEW J-FET STRUCTURE — THE VARAFET 
Describes In detail the operation of the varafet, a 
standard J-FET with the analog gate interfacing 
components monolithioally built-in. 

-A023 LOW COST DIGITAL PANEL METER DESIGNS 
Provides a detailed explanation of the 7 106 and 
7107 3V2 digit panel meter IC's, and describes twp 
of the evaluation kits available from Intersil. 

A026 DC SERVO MOTOR SYSTEMS USING THE 
ICH8510 

This companion note to A021 explains the design 
techniques utilized in using the 1CH8510 family to 
drive closed loop servo .motor systems. 

A027 POWER SUPPLY DESIGN USING THE ICL8211 
AND ICL8212 

Explains the operation of the 1CL8211/12 and 
describes various power supply configurations. 
Included are positive and negative voltage 
regulators, constant current source, programmable 
current source, cun'ent limiting, voltage crowbarring, 
power supply window detector, etc. 

A028 BUILDING AN AUTO RANGING DMM WITH THE 
ICL7103A/8052A CONVERTER PAIR 
This companion app note to A019 explains the use 
of the 8052A/7103A converter pair to build a ±4V2 
digit auto ranging digital multimeter. Included are 
schematics, circuit descriptions, tips and hints, etc. 

A029 POWER OP AMP HEAT SINK KIT 

Describes the heat sinks for the ICH851 6 family- 
These heat sinks may be ordered from the factory. 

A030 THE ICL7104: A BINARY OUfPUT A/D 
CONVERTER FOR MICROPROCESSORS 
Describes in detail the operation of the 7104. 
Includes in digital Interfacing, handshake mode, 
buffer gain, auto-zero and external zero. Appendix 
includes detailed discussion of auto-zero loop 
residual errors in dual slope A/D conversion. 

A031 COIL DRIVE ALARM DESIGN CONSIDERATIONS 
Explains the procedure used when using watch 
circuits to drive piezoelectric transducers. 

A032 UNDERSTANDING THE AUTO-ZERO AND 
COMMON MODE PERFORMANCE OF THE 
1CL7106/7107/7109 FAMILY 
Explains in detail the operation of the 1CL71 06/7/9 
family of A/D Converters. 

A046 BUILDING A BATtERY dPERATED AUTO 
RANGING DVM WITH THE ICL7106 
Explains principles of auto ranging, problems and 
solutions. Includes clock circuits, power supply 
requirements, design hints, schematics, etc. 

A047 GAMES PEOPLE PLAY WITH A/D CONVERTERS 
Describes 25 different integrating A/D converter 
applications. Input circuits, conversion niodifications, 
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display and microprocessor interfaces are shown in 

detail. 
A050 USING THE IT500 FAMILY TO IMPROVE THE 

INPUT BIAS CURRENT OF BIFET OP AMPS 

A brief description of a preamplifier for BIFET OP 

AMPS. 
A051 PRINCIPLES AND APPLICATIONS OF THE 

ICL7660 CMOS VOLTAGE CONVERTER 

Describes internal operation of the ICL7660. 

Includes a wide range of possible applications. 
A052 TIPS FOR USING SINGLE CHIP 3V2 DIGIT A/D 

CONVERTERS 

Answers frequently asked questions regarding the 

operation of 3V2 digit single chip A/D converters. 

Included are sections on power supplies, displays, 

timing and component selection. 



A053 THE ICL7650 A NEW ERA IN GLITCH-FREE 
CHOPPER STABILIZER AMPLIFIERS 
A brief discussion of the internal operation of the 
ICL7650, followed by an extensive applications 
section including amplifiers, comparators, log-amps, 
pre-amps, etc. 

A054 DISPLAY DRIVER FAMILY COMBINES 
CONVENIENCE OF USE WITH 
MICROf'ROCESSOR INTERFACABILITY 
Compares and describes the various display drivers. 
Includes design examples for 7 segment. Alpha- 
numeric, and bargraph systems. 

M011 AVOIDING PROBLEMS IN CMOS MEMORY 
OPERATION 

Discusses input overvoltage and SCR latchup and 
the multiple address access problem in CMOS 
RAMs. 
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OfmERINd INFORMATION 



Device Family Prefixes 



AD - 
D - 
DG - 
DGM- 
ICL - 
ICM - 
ICH - 
IM - 
LH - 
LM - 
MM - 
NE - 
SE - 



■Analog Devices Alternate Spurce 

■Driver/Level Translator IC 

■Siliconix Analog Switch Alternate Source 

■Monolithic DG Analog Switch Replacement 

■Linear IC 

-Micropenpheral IC 

■Hybrid IC 

■Microfcontroller IC 

■National Semiconductor Hybrid Alternate Source 

■Natibnal Semiconductor Alternate. Source 

■High Voltage Analog Switch 

■Signetics Alternate Source 

■Signetics Alternate Source 



Electrical dptiorWariation of Basic Device Type Designators 

Th^se designators are datasheet dependent, and are not always used. 

Temperature Range Designators 

' C — Comniercial CC to + TO'C ' 

I —Industrial Either - 25°C to + 85°C or - 40''C to + QS'C 

(Specified on Datasheet) 
M - Military - 55°C to + 125°C 

Paclcage Type Designators 



A 


-TO-237 


B 


-Small Outline IC(SOIC) 


C 


-TO-220 


D 


—Ceramic Dual-ln-Line 


E 


-Small TO-8 


F 


—Ceramic Flat Pack 


H 


-TO-66 


1 


— 16 Pin ( 6 X 7 Pin Spacing) 




Hermetic Hybrid Dip 


J 


- CERDIP Dual-In Line 


K 


-TO-3 


L 


— Leadless, Ceramic 


P 


— Plastic Dual-ln-Line 


s 


-TO-52 


T 


-T0-5Type 




(Also TO-78, TO-99, TO-100) 


U 


-TO-72Type 
(Also TO-18, TO-71) 




V 


-TO-39 


z 


-TO-92 


/w 


-Wafer 


ID 


— Dice 



Part Numbering System 



All Intersil IC part numbers consist of a device family prefix, a basic numenc 



part number, and an option suffix, as follows 



1, 2 or 3 
Digit 
Prefix 



High 
Reliability 
Designator 

/XXXX 




Temperature Range 
Designator 

Electrical Option 
Designator Only 
User if More Than 
One Electrical Option 
is Available 



Variation of Basic 
Device Type Designator 
Only Used if More Than 
One Basic Device 
Type is Available 

3 or 4 Digit Basic 
Device Type 
Part Number 



- Device Family 
Prefix 



ORDERING INFORMATION 



Pin Count Designator 



A 


B 


P 


20 


B 


10 


Q 


2 


C 


12 


R 


3 


D 


14 


S 


4 


E 


16 


T 


6 


F 


22 


U 


7 


G 


24 


V 


8 (0 200" pin circle, 
isolated case) 


H 


42 






! 


28 


W 


10 (0 230" pin circle 
isolated case) 


J 


32 






K 


35 


Y 


8 \0 200" pin circle, 
case to pin 4) 


L 


40 






M 


48 


Z 


10 (0 230" pm circle, 
case to pm 5) 



HIGH RELIABILITY DESIGNATOR 

/8838-MIL-STD-883B Screened 
Device 

/HR — High-Reliability 
Device 

/BR —Cost Effective High- 
Reiiabtlity Device 

/Bl —Burn-In Only Process 
Flow 



Example Part Numbers 

1) ICL7129CPL 



2) ICM7170IJG 



3) IH 5043BMFf} 



4) ICL7134BLCJi 



- 40 Pins on Package 

- Plastic Dual-ln-Line 
Package 

- O'C to + 70X Temp Range 

- Basic Part Number 
7129 A/D Converter 

- Linear IC Family Device 



t 



- 24 Pins on Package 

- CERDIP Dual-In Line Package 



- - 40^ to + SS'C 
Temp Range 



5) IH5009MJD/883B 



- Basic Part Number 7170 
Real Time Clock 



- Micropenpheral 
IC Family Device 



- 14 Pins on Package 

- Ceramic Flat-Pack Package 

- - 55'C to -t- 125*C 
Temp Range 

- B Type Electrical Option 

- Basic Part Number 
5043 Analog Switch 

- Hybrid IC Family Device 



- 28 Pins on Package 

- CERDIP Dual-In Line Package 

- - O'C to + 70°C 
Temp Range 

- L Type Electrical Option 

- B Type Device Designator 

- Basic Part Number 
7134 D/A Converter 

- Linear IC Family Device 



-MIL-STD-883B Screened Device 

-14 Pins on Package 

-CERDIP Dual !n-Line Package 

_ - SS-C to + 125''C 
Temp Range 

Basic Part Number 
■"5009 Analog Switch 

- Hybrid IC Family Device 
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eVALUAtlON KITS 



PRODUCT DESCRIPTION 



PART NUMBER 



CONTENTS 



Power Amplifier Kits 



3h Digit LCD Panel Meter Kit 

3V2 Digit LED Panel Meter Kit 

zh Digit Low Power 
LCD Panel Meter Kit 

4h Digit A/D Converter Kit 

4V2 Digit A/D Converter Kit 

41^ Digit LCD Display Driver Kit 

8 Character Multiplexed LCD 
Display Driver Kit 



ICH8510IEV/KIT 

ICH8510MEV/KIT 

ICH85201IEV/KIT 

ICH8520MEV/KIT 

ICH85301IEV/KIT 

ICH8530MEV/KIT 

ICL7106EV/KIT 

ICL7107EV/KIT 

ICL7126EV/KIT 

ICL7129EV/KIT 

ICL7135EV/KIT 

ICM7211EV/KIT 

ICM7233AEV/KIT 

ICM7243BEV/KIT 



8 Character Multiplexed LED 
Display Driver Kit 

4l^ Digit LCD Display Counter Kit ICL7224EV/KIT 
Ah Digit LED Display Counter Kit ICM7225EV/KIT 
4fe Digit VF Display Counter Kit ICM7236EV/KIT 



Touch Tone Encoder 

One contact per key 

Two contacts per key, common 

to positive supply 
Common to negative supply, 

oscillator enabled when key 

depressed 

8 Digit Frequency/Period Counter 

5 Function 



Oscillator Controller 

For Application as freq. 
counter with ICM7208 



ICM7206EV/KIT 
ICM7206AEV/KIT 

ICM7206BEV/KIT 



ICM7226AEV/KIT 



ICM7207EV/KIT 
ICM7207AEV/KIT 



ICH8510i + Socket + Hegt Sink 
ICH8510 + Socket + Heat Sink 
ICH8520i + Socket + Heat Sink 
ICH8520M + Socket + Heat Sink 
ICH8530i + Socket + Heat Sink 
ICH8530M + Socket + Heat Sink 

ICL7106 + PC Card + All Passive Components 

ICL7107 + PC Card + All Passive Components 

ICL7126 + PC Card + All Passive Components 

ICL7129 + 4V2 Digit LCD Display + ICL8069 + PC 
Card + Active, Passive Components 

ICL7135 + ICL7660 + ICL8069 + PC Card + Active, 
Passive Components 

ICM721 1 + 4V2 Digit LCD Display + PC Card + Active, 
Passive Components 

2 of ICM7233A + PC Card + 8 Character Triplexed LCD 
Display 

ICM7243B + PC Card + 8 Character LED 

ICM7224 + ICM7207A + 5.24288MHz Crystal + 4V2 Digit 
LCD Display + PC Card + Passive Components 

ICM7225 + ICM7207A + 5.24288MHz Crystal + 4V2 Digit 
LED Display + PC Card + Passive Components 

ICM7236 + ICM7207A + 5.24288MHz Crystal + 4V2 Digit 
VF Display + PC Card + Passive Components 

ICM7206 + 3.579545MHz Crystal 
ICM7206A + 3.579545MHz Crystal 

ICM7206B + 3.579545MHz Crystal 



ICM7226A + 10MHz Crystal + PC Card + LEDs + All Passive 
Components 



ICM7207 + 6.5536MHz Crystal 
ICM7207A + 5.24288MHz Crystal 



PACKAGE OUTLINES ah dimensions given in inclies and (millimeters). 



(4.521-4.851) 
SEATING PLANE 



T 

0.030 
(0.762) 



L 



0.209-0.219 



(5.309-5.563) 
0.188—0.210 
(4.775-5.334) 



(0.0406-0.483) 



0.500 
(12.70) 
MIN 



(2.540) 




u.uae-u.046 X^^^^Tn 0.036-0.048 
(0.914-1.168)y^ \V(0.914-1.219) 

PO00161I 

TO-18 



0.178—0.191 ^^ 
(4.521-4.851) n 



SEATING PLANE 



g. 



0.030 
(0.762) 
MAX 



(5.309-5.563) 
0.142-0.150 



(3.607-3.810) 



0.500 
(12.70) 




(2.540) 



(0.914.1.168) \//^\\^ (0J11_1.219) 

PO00181I 

TO-52 (SQ*, SR) 







0.178-0.191 




(4.521-4.851) 1 




TING PLANE 

* i , 





0.209—0.219 
(5.309-5.563) 



(4.775-5.334) 



0.030 
(0.762) 
MAX 



imrr 



0.500 

0.016—0.019 _^|| (12.70) 

(0.406-0.483) MIN 




SEATING PLANE 




oL "unnrt 

MAX 11 0.500 

0.016—0.019 ^ll^ (12.70) 

(0.406-0.483) MIN 



0.050 
(1.270) 




TO-71 



45 • >XC_ 
0.036—0.046 VX/VU^^ o 028-0 048 

(0.914-1.168) VX \X/ (0.711-1.219) 



TO-71 LOW PROFILE 



SQ* denotes a two lead package; center lead missing. 
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PACKAGE OUTLINES All dimensions given in inches and (millimeters). 



0.178—0191 

(4.521-4 «ei)[|' 

SEATING PLANE 

- M.^ 





aw- 


-0 21« 


1 


es 309- 


-5 5«3> 


.. — ^J 


0188-0 210 
(4 7?S-5.334) 



MAX I 0500 







. 6350-6.3W 


1 
■0 315-0 335. 
.(8001-8 509) 




1 (8890-9 3M> 


,f^^ ; 




i 


.Lt 

(12 70) 
MIN 


-i ! !! 
"'11 11 


PLANE 

016-0 019 
(0 406-0 483) 






-^,* 




V «»»— V x^ V2>^>~;L— O.OZB— 048 

W9U=Tmf\^ :^^ (0 711 -1219) 



TO-72 




TO-78 







i 












^ 












^ 












(\ 




*- 


150 MAX 

250 MIN 
500 MIN 










* 


170 


* 





■A 



" I 095 

1 ' 



r 




SEATING PLANE 



TO-92 







. 0.350-0 370 






■ (8.890-9 398) ■" 








DIA 


315-0 335 




1 


(8001-8 509) 
DIA 


0.165-0 165 1 , 






(4191-4699)1 'i 


1 






.Lt 


-itl- 


INSULATOR 

{ 010-0 040 
(254-1016) 


(12 ro) 

MIN 


(1016)l'V V W 




^IL 0016-0 019 
-^^ (0.406-0 483) 






1- . OMO 




0028—0034 

(0 711-0 864) VxJf^ 

45° EQUALLY 
SPACED -• 



TO-99 TV 



(8.509-8 001)\ 
DIA 

0.040 
(1 016) 
MAX 

SEATING JL_ 
PLANE 



ri 



8-LEADS 
0.019-0.016 



m 
ifl' 



0500 
(12.7) 



■010- 
(254- 



0040 
1016) 




TO-99 TY 



10-26 



PACKAGE OUTLINES All dimensions given In inches and (millimeters). 



(9.398-8.509) 

I .33S~.30S ' 
I (8.509-7.747) 



r^ 



.185— .1 



(.483-.406)" 



{(4.889—4.191) 

3_1 



(5.21-4.95) I 

C J f 0.105-0.( 

_? S 1 (2.67-2.- 

« *«« ♦ Ml IT — 



i-0.095 
41) 



(.254-1.016) (itTOw"*"* 

i_ 



.280 -0.260 
(7.11-6,60) 



J_ 




LEADS FIT INTO 
0.016-0.019 
0.406-0.483) 

DIA HOLE (TYP) 



.210- -IToT T 
(4.70-4.45) U L 

— ^fi (1 ri'^°°* 

-0.055 M M M — -^ 



/ ^\ 0.045-0.055 

f~ (1.143—1.397) 



\ 4//>gj.^-^ ^ .045— .029 

^C^V/ \\/(1-143-.737) 



(3.30-4.06) 


^ 


k ^ 


k A 


t ^' 


1 


I '' r ' 


' 




0.135 








.1 


^f 


(3.43) 
MIN 


'1 


V 




0.175- 


-0.205 





(0.076-0.330) ^ 



(4.45—5.21) 



(.864— .711) 



TO-100 (TW, TX) 



TO-237 JEDEC 



0.0 
(0.4 


17 ± 0.002 
3 ± 0051) 






^ 




T -' 

Q 0^ + 0.0000 
^•^^ - 0.012 




4 






•2^ + 0.000 
'*•'*- 0.300' 




— i\ 1 




— 


0.500 MIN 




0.200 




* (12.69) * 


230 (50« * 






(6 84) ^ 




i 




4 0.086*0.004 
1 (11.42±0 1» 




--H<^ 


^^l kV 




A ^' 


//////////////. 


005 * ^'^'^^ 
"•""' - 00005 




2 


LE 


AD CERAMIC (DH) 


PO00311I 
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PACKAGE OUTLINES ah dimensions given in inches and (millimeters). 




0.110(2.794) ^1 

0.090 (2.286) I 



8 LEAD CERAMIC (DA) 



n r-< n 




. 


0.271 
0.246 






0.320 
0.290 




0.060 
0.015 

If 


^ -^ 


I , 


t "^ 


V' 



o.on 

0.009 



0.020 
"0.016 



0.375 ^ 1 



O 

"NOM. 



8 LEAD CERDIP 



PACKAGE OUTLINES ah dimensions given in inches and <millimerters). 



0.250 ± 0.010 
6.35 ± .254 



0.020 
(0.508) 



0.390 MAX 
9.91 MAX 



m 



0.065 
(1.651) 



0.130 ± 0.0( 
I (3.302 ± .12 



^.023 (.584) 0.125 MIN 
,014 (.356) (3.175) 



^ 



0.310 ± 0.010 
' (7.87 ± .25) 



0'-15*TYP 



.070 (1.778) 
.030 (.762) 



8 LEAD PLASTIC (PA) 



0.770 
(19.56) 
0.344-0.364 . ^^^ DtA. 
(8.74—9.25) 



0.480-^0.500 - 
(12.19—12.7) I 



LA 



(1.02) ■ 



DZZ SEATING PLANE 



p^k- 



f 

0.085—0.100 
(2.16—2.54) 




0.153—0.159 
(3.88-4.03) 
(2) HOLES , 

40' TYP. 



(12.057-12.082) 
LEAD CIRCLE 



(7) PLCS 



8 LEAD TO-3 METAL CAN 



8 LEAD S.O.I.C. 



^ X 






016 ± 001 
TYP 015 i 002 



E 



._i 



0° TO 6° TYP ALL LEADS 



180 I 004 
236 ± 004 




PACKAGE OUTLINES ah dimensions given in inches and (millimeters). 




'ISMiJOAOZ) 



0.(M0 {1.016y " 

10 LEAD FLATPACK (FB) 



1 




14 LEAD CERAMIC (DD) 
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PACKAGE OUTLINES All dimensions given in inches and (mlllimetes). 



0.060 ( 1.524) 
0.015 (0.381) 



0.320 (8.128) 
0.290 (7.366) 



-.785(19.94) MAX- 




! I 




n 



0.220 (6^096) 



0.17S 
MAX 



U 0.008 

I ( 0.381 ) I 

I (0.203) 



r 



0.200 (5.08) 
0.125 (3.175) 



0.110 (2.794) 
0.090 (2.286) 



0.070 (1.778) 0.023 (0.584) 
0.030 (0.762) 0:015 (0.381) 

14 LEAD CERDIP (JD) 



^[ 0.415(10.16) 



0.330 (8.382) 



K-0.550 REF- 



0.017 ± 0.002 
TYP 



0.050 T 

TYP. I 

J I 0.385 



T 




PO00451I 

14 LEAD FLATPACK 



0.078 ( 0.198 ) 
0.065 (0.165) 

PO00341I 



14 LEAD FLATPACK (FD) 




10-31 



PACKAGE OUTLINES ah dimensions given in inciies and (millimeters). 



0.250 ± 0.010 
6.35 ± .254 



- .770 (19.558) MAX - 



0.130 ± 0.005 
3.302 ± .127 



_0.310 ± 0.010 
7.874 ± 0.254 




- C-IS" 



14 LEAD PLASTIC 



0.115 (2.921) 
01060(152^ 



1 



•• 0.810 (20.574) MAX- 



0.070 (1.778) 



0.030 (0.762) 



Owl 10 (2.794) _ 
0:090?5l86j 



Mff 




16 LEAD CERAMIC (DE) 



10-32 



PACKAGE OUTLINES 


All dimension^ given in inches and (millimeters). 


, , ^ 










, 




16 9 
• 1 8 


0.695(17.653) 
0.705 (17:907) 

0.790 (20.066) 
0.800(20.320) 






▼ 






0.870 (22.098) 
0.880 (22.352) ^ 
, 0.965(24.511) 








c 


0.975(24.765) 


H 


1 




n r^ 




0.200 MAX (5.080) 

■3 












n 






> 


16 LEADS 
^ ^*- 0.01 9 (0.482) 
0.016(0.406) 


_Z^, . 


( 


).100 (. 
TYf 


2.54 


-A 




k- 


1 DIA. 

1 0.600 
i (15.240) 

16 LEAD CERAMIC (IE) 


1 

0.260 (6.604) 
MIN 

PO00521I 

• 



0.060 ( 1.524) 
0.015 (0.381) 



-.840(21.34) MAX- 



h 



0.320 ( 8.128 ) _ 
0.290 (7.366) 



0.310 ( 7.874) 



0.220 (6.096) 




0.070 ( 1.778) 
0.030 (0.762) 



0.41 5 {10.5411 



330 (8.382) 



16 LEAD CERDIP (JE) 




PACKAGE OUTLINES ah dimensions given in inches and (miilimeters). 




0.005 
t 0.001 




0.370 
t 0.003 



0.063 _ 
MAX. 



0.38^ 
MAX. SQ. 



16 LEAD FLATPACK (FE-2) 




16 LEAD FLATPACK (FE-1) 
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PACKAGE OUTLINES All dimensions given in inches and (millimeters). 



6.35 £ .254 



.060 (1.524) 
.015 (.381) 



I r-i i~i rn m (1, 



- 0.770 MAX - 
19.558 





p— H t^ i*\ 



H 



0.130 ± 0.005 
3.302 3t 0.127 



0.310 ± 0.010 



7.874 ± 0.254 



.160 (4.064) 
.100(T540) 



.110(2.794) .060(1.524) .023 (.584) 

.090 (2.286) .045 ( 1 . 1 43) :oT5 iXT) 




16 LEAD PLASTIC (PE) 



0.110 (2.7941 
0.090 (2.286 



-0.910 (23.114) MAX - 



\^ ' ' i4J ' 



0.200 (5.08) 
MAX 



0.070 (1.778) _ 
0.030 (0.762) 





0.060 (1.524) 



0.014 (0.356) 



t ,t 

0.060 (1.524) 
0.025 (0.635) 



0.320 (8.128) 
0.280 (7.112) 



0.015 (0.381 ) ^^ 
0.008 (0.203) 



0.200 (5.08) 
0.125 (3.175) 



^ 0.320 (8.128) L 

n 0.290 (7.366) I 



18 LEAD CERAMIC (DN) 



PACKAGE OUTLINES All dimensions given in inches and (millimeters). 



.910(23.114) MAX- 



0.060 (1.524) 



0.015 (OMTT 

_i_t 




1 




k- H 



P 

t(4. 



MAX 
175 

.45) 




f 0.200 (5.08) / o.( 

|g?i^(ai7g ^ I °^ 



O.nO (2.794) 0.070 (1.778) 0.023 (0.584) 
0.090 (2.286) 0.030 (0.762) 0.015 (0.381) 



18 LEAD CERDIP (JN) 



0.015 

3.008 
(0.381) 
(0.203) 

0.400 (10.16) 
0.330 (8.382) 

PO00571I 







0.375 ± 0.020 


PIN ONE INDICATOR 

1 


^rp " "-^ 


(9.525 t 0.508) 


1 == 
0.415 (10.541) . 






1 ' 


- 0.015 (0.381) 


,, I 

t 

050 .-»-«, 


"- ^.^ rr—^ 

0.315 (8.001) 
^ 0.950 ± 0.050 




t 


(1.270) "^•^ 






0.005 ± 0.002 
(0.127 ± 0.050)1 




(24.130 ± 1.27) 


' 


0.0Z& pp. 

(0.635) "'^'^ 












- 



18 LEAD FLATPACK (FN)* 



PACKAGE OUTLINES All dimensions given in inches and (millimeters). 




.019 
±.002 



18 LEAD FLATPACK (FN-2) 



PIN NUMBER 1 ^s^ 


^^^v^ h 


1.000 
(2.54) 

e- 0.360 H 
(0.914) 


» 


r— :" ,'m. 3 


0.017 
r (0.043) 

t + 0.400 








az 


0.050 _ 
(0.127) 


_ (1.016) 

i. 
1 


0.0 
(0.01 


05 
27) 






0.063 
(0.1 60 


) 


L 0.020 
(0.051) 



18 LEAD FLATPACK (FN-3) 



PACKAGE OUTLINES All dimensions given In Inches and,(nallltnieters). 



. 




.250 ± .010 


• 


6.35 ± .254 


t 


.920 MAX 




23.368 * 



\ (1.524) 



0.060 

0.015 (0.381) 



3.302 ± .127 



HfiMm 



0.310 ± 0.010 
~ 7.874 ± 0.254 



-^f^— \ .015 (.381) 

0.110 (2.794) 0.070 (1.778) 0.022 (0.559) illg (H^ 008 (.203) 

0.090 (2.286) 0.030 (0.762) 0.018 (0.457) 



18 LEAD PLASTIC (PN) 



r+' 



- c-is** 

PO00791I 



- 1.025 (26.035) MAX - 



0.060 (1.S24) 
0.015 (0.381) 



Ji. L 




0110 (2.794) 0070 
0.090 (2 286) 030 




t_d7 
\ (4.4 



0.200 (5 08) 
JT25(3T75J 



- HI- 



J_778) 
762 ) 



0.023 (0.584) 
0.015 (0 381)" 



0.320 
0290 
(8.128) 
(7.366) 



0.310 
260 
(7.874) 
(6:604) 



015 
0.008 
(0 381) 
(0 203) 



wl .400 (10.16) 
0.330 (8 382) 



20 LEAD CERDIP (JP) 



PACKAGE OUTLINES All dimensions given in inches and (millimeters). 



\ 




.260 ± .010 




6.35 ± .254 





] 



1.040 MAX 



0.060 (1.624) 



0.015 (0.381) 




wm=ti 



0.310 ± 0.010 
'«-7.874± 0.254 



•0— -HK— f .015 (.381) 

0.1 Id (2.794) 0.070 (1.778) 0.022 (0.559) !lOO f2!540) "^® *"^^* 

0.090 (2.286) 0.030 (0.762) 0.018 (0.457) 



20 LEAD PLASTIC (PP) 



r-r- 



-0*»-15° 



- 1.100 (27.940) MAX - 



0.110 (2.794) 
0.090 (2.286) 



0.130 (3>302) 
0.070 (1.778) ' 



0.200 (5.08) 
MAX 



0070 0778)' 

oosonTTiM) 





0.023 (0.584) 



0.014 (0.356) 



1_ 



T 



0.060 (1.524) 
0.025 (0.635) 



0.420 (10.668) 
0.380 (9.652) 



0.015 (0;381) .^ 
0.008, (0.203) 



0.200 (5.08) 
0.125 (3.175) 



J 0.420 (10.668) L 
I 0;39O (9.906) r 



22 LEAD CERAMIC (DF) 



10-39 



PACKAGE OUTLINES ah dimensions givejn in inches and (millimeters). 



1 ~\ 




0.410 {10.414] 
01195 (9.906) 



, 0.510(12.954) ^ 
•"^ 0.440(11.176)'^ 



22 LEAD CERDIP (JF) 



-1.290 (32.766) MAX- 



0.110 (2.f94) 
0.090 (2.286) I 



t 



0.070 (1.778) . 

is:ssbmm 



nc 



0.200 (5.08) I 
MAX 



0.620 (15.748) 
0.570 (14.478) 



0.115 (2.921) 
0.060 (1.524) 




JU 



0.023 (0.584) 
0.014 (0.356) 




0.200 (5.08) 

ai55 (3.175) 

0.060 (1.524) 
0.025 (0.635) ' 



I 



0.015 (0.381) 
0.008 (0303) 



0.620 (15.748) 

~oJ95(T4:95gJ" 



24 LEAD CERAMIC (DQ) 



tO-40 



PACKAGE OUTLINES ah dimensions given in inches and (millimeters). 



, n n n n ..n n n n 



UUUU "" UUUU 




0.625 (15.875) ^ 



0.590 (14.986) 
^ 0.550 (13.970) ^ 


0.510 (12.954) 





















0.110 (2.794) 0.070 (1.778) 0.023 (0.584] 
0.090 (2.286) 0.030 (0.762) 0.015 (0.381) 



0.015 (0.381) 
0.008 (0.203) 



0.700 (17.780) ^ 



0.630 (16.002) 



24 LEAD CERDIP (JG) 



n n n n ,,n n n n 



0.280 ± 0.003 
~ (7.112 ± 0.076) 




0.110 (2.794) 0.070 (1.778) 0.023 (0.5841 

0.090 (2.286) 0.030 (0.762) 0.015 (0.381) . 

0.630 (16.002) 

PO00661I 

24 LEAD CERDIP WITH WINDOW (JG/W) 



PACKAGE OUTLINES ah dimensions given in inches and (millimeters). 



-0.750 (19.05) MIN- 



N-(7.874H 
MAX 




24 LEAD FLATPACK (FG) 











0.535 ± 0.015 
13.589 ± 0.381 


( 


.155 
± .010 

1 


■< — 0.610 ± 0.010 *■ 

15.494 ± 0.254 


\ 


- "T" 

.060 (1.524) 
.015(0381) 




32.258 


j^LTiri-i 


inr^ 


937±0.254 


i " \ 




ir rSr^r 1 


(\(\r 


J 


. 


" ■■ 


T~ 


1 1 

— J U- H 

^794) .060(1.524 
.286) .045(1.143 

24 L 


) .023 (.£ 
) .015 (.: 

EAD PI 


\ 


, r-r 


.110(2 
.090(1 


' 1 

.160(4.064) 
.100 (2.540) 

842) 
J810) 

LASTIC (r 


.015 (0.381) , 
.008 (0.02032) 

>G) 


\— 0°-15° 

PO00671I ; 



10-42 



PACKAGE OUTLINES All dimensions given in inches and (millimeters). 



0.050 ± 0.010 
(1.27 ± 0.25) 



n m r-i I II . _ . 



_ 1.400 ± 0.014 _ 
(35.56 ± 0.36) 



h--iH 



0.175 
(4.46) 



H 



0.590 ± 0.010 
(15.00 ± 0.25) 



0.085 ± 0.009 
" (2.16 ± 0.23) 



0.100 ± 0.005 
(2.54 ± 0.13) 



0.018 ± 0.002 
(0.46 ± 0.05) 



_ 0.610 ± 0.010 _ 
(15.49 ± 0.25) 



(1.27) ' 



28 LEAD CERAMIC (Dl) 



0.060 (1.524) 
0.015 (0.381) 



U U LJ LJ 



' LJ LJ LJ LJ 



-1.475 (37.465) MAX- 



0.175 

(4.445) 

MAX 




0.110 (2.794) 0.060 (1.524) 0.023 (0.5842) 



0.090 (2.286) 0.045 (1.143) 0.015 (0.3810) 



0.600 (15.240) 
'0^76(14.478)" 



0.550 (13.9f70) 
0.520 (13.208) 



28 LEAD CERDIP (Jl) 



0.015 (0.381) 



0.008 (0.2032) ~ 



0.680 (17.272) 
0.610 (1 5.494) ~ 



PACKAGE OUTLINES ah dimensions given in inches and (millimeters). 



0.535 ±0.015 
13.59 ± 0.381 



.060( 1.524) 
.015 (0.381) 



n fi n £=L-,JCL.rn n n 



-1.470 MAX - 
37 34 




! 




. 110(2.794 ) 
.090 (2.286) 



.060 (1.524) 
.045 (1.1,43) 



.155 ± .010 
3.94 ± .25 



.160 (4.064) 
.100 (2.540) 



. 023 (.5842) 
.015 (.3810) 



-0.610 ±0.010 — 
15.49 ± 0.25 



■015 (0.381) 
.008 (0.02032) 




28 LEAD PLASTIC (PI) 



I I ± U.UIU (I 

£3. . . '—■■ '~' '—' '— ■ — ■ 



2.020 (51.308) _ 
MAX 



I I 



t 0.010 (0.254) 



F 0.520 ^1 
(13.208) 
.<:niiARP ' 



0.020 (5.080) 
0.050 (1.270) 




0.165 
0.050 (4.191) 
-*- (1.270) MAX. 
TYP. 



0.125 
(3.175) 
MIN. 



0.008 (0.203) _ 
0.012 (0.305) 



; 0.600 

U (15.240)- 



40 LEAD CERAMIC DUAL-IN-LINE (DL) 



PACKAGE OUTLINES All dimensions given in inches and (millimeters). 



0.060 ( 1.524) 
0.015 (0.381) 



L 



-2.040 (51.816) MAX - 




0.160 (4.064) 
0.100 (2.540) 



I I 



r-H 




.175 
(4.45) 
MAX 



_ 0.600 ( 15.240 ), 
0.570 (14.478) 



1 ^ 0.550 ( 13.970) 
■^0.520(13.208) 



0.110 (2.794) 
0.090 (2.286) 



0.060 (1.524) 
0.045 (1.143) 



0.023 (0.5842) 
0.015 (0.3810) 



0.015 (0.381) - 
0.008 (0.2032) 



_ 0.680 (17.272) 



0.610 (15.494) 



40 LEAD CERDIP (JL) 



_ 2.000 ± .020 
(50.8 ±0.508) 



n n n n n n n 



nnnnnnni-imi-if-i 




UUUUULJUUUUUUUUUUULJUU 



.600 ± .010 
(15.24 ±0.254) 




.100 
(2.54 ±0.127) 



[K 



.200 (5.08) 
.120 (3.048) 



.018 TYP 
(0.457) 



40 LEAD CERDIP WITH WINDOW 



(3.429 


I 


J \ 








.010 ± .001 




J (0.254 ±0.025) 

.610 TYP 
(15.494) 






10-45 



PACKAGE OUTLINES ah dimensions given in inches and (millimeters). 



+ 010 
-0 005 ^ 
^ J + 6 254) ' 



460 
" (TT68J 



±0 006 

(^oTs^ 



360 ^^ ♦ 006 

SQ 

(9 144) (±0152) 



300 
"(7620) 



±0 006 
(To 152) 




025 
(0 635) " 

020 _ 

(0 506) 



065 ± 008 
(1 651 ± 203) 




CERAMIC 
/KY0CERAA41) 



040 
' (T0i6) * 



^ 360 
(9T44) 




Note 1: Finish Gold plated 60 micro inches minimum thickness over nickel plated 
Note 2: Pin number 1 connected to die attach pad ground 

40 PIN LEADLESS CHIP CARRIER (LL) 



PACKAGE OUTLINES All dimensions given in inches and (millimeters). 



1 . n n n 



0.535 ± 0.015 
13.59 ± .38 



jn— n n n n 



UUUU " UUUU 



.155 
± .010 



- 0.610 ± 0.010— 
15.49 ± 0.25 




0.012 (0.305) TYP 
0.001 (0.025) 



40 LEAD PLASTIC (PL) 




MAX FLASH TYP 



l-*-^l 043 ±012 TYP 



NOTES 

1 PART MUST COMPLY TO SPECIFICATION 

2 DIMENSIONS IN PARENTHESIS ARE IN MILLIMETERS 

3 PART IS SYMMETRICAL ABOUT THE CENTERLINES (CL) SHOWN 



i 035 J: 004 
— i-(09 ± 1) 



[ 006 ± 002 TYP 



44 LEAD PLASTIC FLAT PACK 




PACKAGE OUTLINES All dimensions given in inches and (millimeters). 



0.050 ± 0.010 
(1.27 ± 0.25) 



n n ra 



0.590 ± 0.010 
(15.00 ± 0.25) 



2.400 ± 0.024 
(60.96 ± 0.61) " 



T 




0.175 
(4.46) 



Hh-H 



HHH 



0.085 ± 0.009 
(2.16 ± 0.23) 



0.100 ± 0.005 
(2.54 ±0.13) 



0.610 ± 0.010 
(15.49 ± 0.25) 



0.018 ± 0.002 

(0.46 ± 0.05) 

TYP 



(1.27) 



48 LEAD CERAMIC (DM) 



10-48 



FIELD SALES OFFICES 



ALABAMA 

3322 S Memorial Parkway 
Holiday Office Center 
Suite 17 

Huntsville, AL 35801 
Tel (205)883-5713 
FAX (205)883-8523 

ARIZONA 

5320 North 16th St 
Phoenix, AZ 85016 
Tel (602)241-7224 
FAX (602)241-7266 

CALIFORNIA 

21201 Victory Blvd 
Suite 245 

CanogaPark, CA91303 
Tel (818)^884-4911 
FAX (818)884-2283 

4063 Birch St 

Suite 130 

Newport Beach, CA 92660 

Tel (714)852-9030 

FAX (714)852-9035 

1054 Saratoga-Sunnyvale Rd 

Suite 100 

San Jose, CA 95129 

Tel (408)255-5800 

FAX (408)255-4693 

CONNECTICUT 

270 Farnnin&ton Avenue 
Suite 326 

Farmington,' CT 06032 
Tel (203)677-7876 
FAX, (203) 677-7015 

FLORIDA 

700 W HillsboroBlvd 
Suite 207, BIdg 4 
Deerfield Beach, FL 33441 
Tel (305)429-0440 
TWX 510-953-7634 
FAX (305)426-2696 



QEORQIA 

1835 Savoy Dr 
Suite 215 
Atlanta, GA 30341 
Tel- (404) 458-8401 
TWX 810-766-4593 
FAX (404)458-5838 

ILLINOIS 

2860 South River Road 
Suite 400 

DesPlaines, IL 60018 
Tel (312)827-9100 
FAX (312)827-9064 

INDIANA 

2200 Lake Ave 
Lakeside 1 Office BIdg 
Suite 225' 

Ft Wayne, IN 46805 
Tel (219)422-8551 
FAX- (219) 380-3309 

6321 La Pas Trail 
PC 80x68543 
Indianapolis, IN 46268 
Tel (317)298-5317 
FAX (317)298-5374 

MASSACHUSETTS 

5 Militia Dr 
Lexington, MA 021 73 
Tel (617)861-6220 
TWX 710-326-0887 
FAX. (617)861-7130 

MINNESOTA 

4600 W 77th St 
Suite 201 

Minneapolis, MN 55435 
Tel' (612) 835-2550 
FAX (612)830-8297 

NEW JERSEY 

1600 St Georges Ave 
Rahway, NJ 07065 
Tel (201)381-4210 
FAX (201)381-0990 



NEW YORK 

1 1 Connputer Dr W 
Albany, NY 12205 
Tel (518)454-2576 
FAX (518)454-2580 

5794 Widewaters Parkway 
Dewitt, New York 13214 
Tel (315)445-4780 
FAX (315)445-4709 

NORTH CAROLINA 

2105 Enterprise Rd 
PO Box 9476 
Greensboro. NC 27408 
Tel (919)379-8474 
FAX (919)379-8478 

OHIO 

26250 Euclid Ave 
Suite 521 

Cleveland, OH 44132 
Tel (216)266-2900 
FAX (216)266-2951 

TEXAS 

4099 McEwen 
Suite 360 
Dallas, TX 75244 
Tel (214)661-8582 
TWX 910-997-0742 
FAX (214)661-8212 

VIRGINIA 

503 Faulconer Dr 
Suite 9A 

Charlottsville, VA 22901 
Tel (804)978-5040 
FAX (804)971-8350 



FOR POWER MOS PRODUCT INFORMATION CONTACT: 
Qenaral Electric Power Electronics Semiconductor Department 

West Genessee Street, Mail Drop 44 
Auburn, NY 13021 
Tel (315)253-7321 



FOR BOARD LEVEL PRODUCT INFORMATION CONTACT: 
QE Datei 

11 Cabot Boulevard 
Mansfield, MA 02048 
Tel (617)339-9341 



@DMuii^D[L DdMEStlC 
REPRESENTATIVES 



ALABAMA 

CSR Electronics , 

303 Williams Av6 , Suite 931 

Huntsville.AL 35801 

Tel (205)533-2444 

TWX 510-600-283*1 

FAX (205)536-403,1 ,- .. 

ARIZONA 

Shefler-Kahn 
2017 N 7th St 
Phoenix, AZ 85006 
Tel (602)257-9015 
TWX 910-951-0659 
FAX (602)252-3431 

CALIFORNIA 

ADDEMSD 
Suite D-3 

1015 Chestnut Ave 
Carlsbad, CA 92008 
Tel (619)729-9216 
Telex 754078 

H-Technical Sales, Inc 
12453 Louis St, #101 
Garden Grove CA 92640 > 
Tel (714)740-0161 
(714)740-2139 

Ewing-Fotey, Inc 
895 Sherwood Ave 
Los Altos, CA 94022 
Tel (415)941-4525 
TWX 910-370-6000 

Ewing-Foley, Inc 
120 South Lincoln 
Roseville, CA 95678 
Tel (916)969-2672 

COLORADO 

Thorson Rocky Mountain, Inc 

7076 S Alton Way 

BIdg D 

Englewood, CO80112 

Tel (303)779-0666 

TWX 910-935-0117 

FAX (303) 773-2854 

CONNECTICUT 

Advanced Components Sales 
1 Prestige Drive 
Meriden, CT 06450 
Tel (203)238-6891 
FAX (203)634-3964 

FLORIDA 

EIR, Inc 

1057 Maitland Center Common 

Maitland, Florida 32751 

Tel (305)660-9600 

FAX (305)660-9091 



GEORGIA 

CSR Electronics 
1651 Mt Vernon Road 
Suite 200 
Atlanta, GA 30338 
Tel (404) 396-3720 
TWX (510)600-2162' 
FAX (404)394-8387 

ILLINOIS 

D Dolin Sales, Co 
609 Academy Drive 
Northbrook, IL 60062 
Tel (312)498-6770. 
TWX 910-686-4909 
FAX (312)498-4885 

INDIANA 

Giesting Associates 
101 E Carmel Drive 
Suite 210 
Carmel, IN 46032 
Tel (317)844-5222 

Giesting Associates 
4407 DeRome Drive 
Ft Wayne, IN 46815 
Tel (219)486-1912 

IOWA 

J R Sales Engineering, Inc 
1930 St Andrews NE 
Cedar Rapids, lA 52402 
Tel (319)393-2232 
TWX 910 525-1365 

KANSAS 

Kebco, Inc 

10111 Santa Fe Drive 

Suite 13 

Overland Park, KS66212 

Tel (913)541-8431 

FAX (913)888-1036 

Kebco, Inc 
16047 East Kellog 
Wichita, KS 67230 
Tel' (316) 733-1301 

MARYLAND 

Robert Electronics 
5525 Twin Knolls Road 
Suite 331 

Columbia, MD 21045 
Tel Bait (301)995-1900 
Wash (301)982-1177 
TWX 710-862-2879 
FAX (301)964-3364 

MASSACHUSETTS 

Advanced Tech Sales, Inc 
50 Mall Road, Suite 602 
Burlington, MA 01803 
Tel (617)272-0100 
FAX (617)272-1515 



MICHIGAN 

Giesting & Associates 
5654 Wendzel Dr 
Coloma, Ml 49038 
Tel (616)468-4200 

Giesting & Associates 
21^99 Farmmgton Road 
Farmington Hills, Ml 48024 
Tel (313)478-8106 
FAX (313)477-6908 

MINNESOTA 

PS I 

7732 West 78th Street 
Minneapolis, MN 55435 
Tel (612)944-8545 
TWX 910-576-3483 
FAX (612)944-6249 

MISSOURI 

Kebco, Inc 

75 Worthington Drive 

Suite 101 

St Louis, MO 63043 

Tel (314)576-4111 

TWX 910-764-0826 

FAX (314)576-4159 

NEW JERSEY 

Comtek, Inc 
Plaza Office Center 
Suite 404 East 
Route 73 and Fellowship Rd 
Mt Laurel, NJ 08054 
Tel (609)235-8505 
TWX 710-897-0150 
FAX (609) 235-5805 

NEW MEXICO 

Shefler-Kahn 

2709-J Pan American Freeway, 

N E 
Albuquerque, NM 87107 
Tel (505)345-3591 
FAX (505) 345-3593 

NEW YORK 

Ossmann Component Sates 

Corp 
280 Metro Park 
Rochester, NY 14623 
Tel (716)424-4460 
TWX 510-253-7685 
FAX. (716) 427-2861 

Ossmann Component Sales 

Corp 
6666 Old Collamer Rd' 
East Syracuse, NY 13057 
Tel (315)437-7052 
TWX 710-541-1523 

Ossmann Component Sales 

Corp 
300 Mam Street 
Vestal, NY 13850 
Tel (607)754-3264 
TWX 510-252-1987 



NEW YORK (cpnt.) 

S-J Associates 
148-05 Archer Ave 
Jamaica, NY 11435 
Tel (718)291-3232 
FAX (718)297-5885 

NORTH CAROLINA 

CSR Electronics 
5880 Faringdon Place 
Suite 2 ■ 
Raleigh, NC 27609 
Tel (919)878-,9200 
TWX 510-600-2709 
FAX (919)878-9117 

OHIO 

Giesting & Associates 
PO 80x39398 
2854 Blue Rock Road' 
Cincinnati, OH 45239 
Tel (513)385-1105 
TLX 214-283 
FAX (513)385-5069 

Giesting & Associates 
26250 Euclid Avenue 
Suite 525' 

Cleveland, OH 44132 
Tel (216)261-9705 
FAX (216)266-2951 

Giesting & Associates' 
8843 Washington Colony Dr 
Dayton, OH 45459 ', 
Tel (513)433-5832 

OKLAHOMA 

Bonser-Philhower Sales 
4614 S Knpxville Avenue 
Tulsa, OK, 741 35 
Tel (918)744;9964 

OREGON 

LD Electronics 
PO Box 626 
Beaverton, OR 97075 
Tel (503)649-8556 
. (503)649-6177 
TWX 910-467-8713 
FAX (503)642-1518 

PENNSYLVANIA 

Giesiing & Associates 
471 Walnut Street 
Pittsburgh, PA 15238 
_ Jel (412)963-0727 

TEXAS 

Bonser-Philhower Sales 
8200 Mopac, Suite 120 
Austin, TX 78759 
Tel (512)346-9186 
TWX 910-997-8141 



BilHMiili^IL DOMESTIC 
REPRESEI^TATIVES 



TEXAS (cont.) 

Bonser-Philhower Sales 
11321 Richmond Avenue 
Suite 100A 
Houston, TX 77082 
Tel (713)531-4144 
TWX 910-350-3451 

Bonser-Philhower Sales 
689 West Renner Road 
Suite C 

Richardson, TX 75080 
Tel (214)234-8438 
TWX 910-867-4752 ' 
FAX (214)437-0897 

UTAH 

Thorson Rocky Mountain, Inc 
Bank of Utah, Suite A 
2309 S Redwood Rd 
West Valley City, UT84119 
Tel (801)973-7969 
TWX 910-925-5826 



VIRGINIA 

Robert Electronics , 
7641 Hull Street; 
Suite 101 

Richmond, VA 23235 
Tel (804)276-3979 
FAX (804) 745-5343 

WASHINGTON 

LD Electronics 
7410 77th Ave, SE 
Snohomish, WA 98290 
Tel (206)568-0511 

LD Electronics 
East 12607 Guthrie Dr 
Spokane, WA 99216 
Tel (509)922-4883 



WISCONSIN 

D Dolin Sales Co 
131 W Layton Ave 
Milwaukee, Wl 53207 
Tel (414)482-1111 
TWX 910-262-1139 
FAX (414)482-2033 

CANADA 

Access Electronics 
Suite 101 

3570 East Hastings St 
Vancouver, B C 
Canada V5K 2A7 
Tel (604)299-3556 
FAX (604)299-462? 

Gidden-Motron Assoc , Inc 
7548 Bath Road 
Mississauga, Ontario 
Canada L4T 1 L2 
Tel (416)671-2225 
(416)671-8111 



CANADA (cont.) 

Gidden-Morton Assoc , Inc 

3860 Cote Vertu 

Suite 221 

St Laurent, Quebec 

Canada H4R 1V4 

Tel (514)335-9572 

FAX (514) 335-9573 

Gidden-Morton Assoc 
301 Moodie Drive 
Suite 101 
Nepeari, Ontario 
Canada K2H 9C4 
Tel (613)726-0844 

Gidden-Morton Assoc , Inc 
605 Rue Filiatault 
St Laurent, Quebec 
Canada H4L 3V3 
Tel (514)747-1770 



AUTH ORi^Eb DISTRIBUTORS 



ALABAMA 

Arrow Electronics 
1015 Henderson Road 
Huntsville, AL 35806 
Tel (205)837,-6955 ., 

Hamilton/Avnet Electronics 
4940A Research Drive 
Huntsville, AL 35805 
Tel (205)837-7210 
TWX- 810-726-2162 

Kierulff Electronics 
2225 Drake Ave. 
Suite 14 

Huntsville, AL 35805 
Tel (205)883-6070 

Schweber Electronics 
2227 Drake Ave SW 
Suite 19 

Huntsville, AL 35805 
Tel (205)882-2200 

ARIZONA 

Arrow Electronics 
2127 West 5th Place 
Tempe, AZ 85281 
Tel (602)968-4800 

Hamilton/Avnet Electronics 
505 S Madison Dr 
Tempe, AZ 85281 
Tel (602)231-5100 

Kierulff Electronics 
4134 E Wood St 
Phoenix, AZ 85040 
Tel (602)437-0750 
TWX 910-951-1550' 

Schweber Electronics 
11049N 23rd Drive 
Suite 100 

Phoenix, AZ 85029 
Tel (602)997-4874 

Wyle Distribution Group 
17855 No Black Canyon Hwy 
Phoenix, AZ 85023 
Tel (602)866-2888 
TWX' 910-951-4282 

CALIFORNIA 

Arrow Electronics 
19748 Dearborn St. 
Chatsworth,CA 91311 
Tel (818)701-7500 
TWX 910-483-2086 

Arrow Electronics 
1502 Crocker Avenue 
Hayward, CA 94544 ' 
Tel (415)487-4600 

Arrow Electronics 
1808 Tribute Road 
Suite C 

Sacramento, CA 9581 5 
Tel (916)925-7456 

Arrow Electronics 
951 1 Ridgehaven Ct 
San Diego, CA 92123 
Tel (619)565-4800 
TLX 888064 

Arrow Electronics 
521 Weddell Ave 
Sunnyvale, CA 94086 
Tel (408)745-6600 
TWX 910-338-0266 



CALIFORNIA (cont.) 

Arrow Electronics 
2961 Dow Ave 
Tustin, CA 92680 
Tel (714)838-5422 

Avnet Electronics 
20501 PlummerSt, 
Chatsworth,CA 91311 
Tel (818)700-2600 

Avnet Electronics ' 
350 McCormick Avenue 
Costa Mesa, CA 92626 
Tel (714)754-6111 
Hamilton Avnet 
3002 E "G"St 
Ontario, CA 91 764 
Tel (714)989-9411 

Hamilton Avnet 
4103NorthgateBlvd 
Sacramento, CA 95834 
Tel (916)925-2216 
Hamilton Avnet 
4545 Viewridge Ave 
San Diego, CA 92123 
Tel (619)571-7500 

Hamilton Avnet 
11 75 Bordeaux Dr 
Sunnyvale, CA 94089 
Tel (408) 743-3355 

Hamilton Electro Sales 
9650 DeSoto Ave 
Chatsworth,CA 91311 
Tel (818)700-6500 
Hamilton Electro Sales 
Orange County 
3170 Pullman Street 
Costa Mesa, CA 92626 
Tel (714)641-4100 
Hamilton Electro Sales 
10950 Washington Blvd 
Culver City, CA 90230 
Tel (213)558-2121 

Kierulff Electronics 
Corporate Marketing 
10824 Hope Street 
Cypress, CA 90630 
Tel (714)220-6300 

Kierulff Electronics 
5650 Jillson 
Los Angeles, CA 90040 
Tel (213)725-0325 
TWX 910-580-3106 

Kierulff Electronics 
8797 Balboa Ave 
San Diego, CA 92123 
Tel (619)278-2112 

Kierulff Electronics 
1180 Murphy Ave 
San Jose, CA 95131 
Tel (408)971-2600 

Kierulff Electronics 
14101 Franklin Ave 
Tustin, CA 92680 
Tel (714)731-5711 
TWX 910-595-2599 

Schweber Electronics 
21 139 Victory Blvd 
CanogaPark, CA91303 
Tel (213)999-4702 



CALIFORNIA (eont.) 

Schweber Electronics 
1225 West 190 Street 
Suite 360 

Gardena, CA 90248, 
Tel (213)327-8409 

Schweber Electronics, 
17822 Gillette Ave 
Irvine, CA 92714 
Tel (714)863-0200 
TWX 910-595-1720 ' 

Schweber Electronics 
1771 Tribune Rd. <, 
Suite B 

Sacramento, CA 95815 
Tel (916)929-9732 
Schweber Electronics 
6750 Nancy Ridge Drive 
Suites D and E 
San Diego, CA 92121 
Tel (619)450-0454 

Schweber Electronics 
90 East Tasman Drive 
San Jose, CA 95134 
Tel (408)946-7171 
TWX 910-338-2043 

Wyle Distribution Group 
124 Maryland St 
El Segundo, CA 90245 
Tel (213)322-8100 
TWX 910-348-7140 
Wyle Distribution Group 
1 7872 Cowan Ave 
Irvine, CA 92714 
Tel (714)863-9953 
TLX 3719599 

Wyle Distribution Group 
11151 Sun Center Dr 
Rancho Cordova, CA 95670 
Tel. (916) 638-5282 
Wyle Distribution Group 
9525 Chesapeake Dr 
San Diego, CA 92123 
Tel (619)565-9171 
TWX 910-335-1590 
Wyle Distribution Group 
3000 Bowers Ave 
Santa Clara, CA 95051 
Tel (408)727-2500 
TWX 910-338-0296 

Wyle Laboratories 
26560 Agoura Rd 
#203 

Calabasas, CA91302 
Tel (818)880-9001 
Wyle Military 
18910 Teller Ave 
Irvine, CA 92715 
Tel (714)851-9953 
TWX 910-595-2642 



COLORADO 

Arrow Electronics 

1390 South Potomac Street 

Suite 136 

Aurora, CO 80012 

Tel (303)696-1111 

Hamilton Avnet Electronics 
8765 E Orchard Road 
Suite #708 

Englewood, CO 801 1 1 
Admin (303)779-9998 
Sales (303)740-1000 

Kierulff Electronics 
7060 S Tucson Way 
Englewood, QO 80112 
Tel (303)790-4444 
TWX 910-931-2626 

Schweber Electronics 
8955 E Nichols Ave , Suite 200 
Englewood, CO 801 12 
Tel (303)799-0258 

Wyle Laboratories 
451 E 124th Ave 
Thornton, CO 80241 
Tel (303)457-9953 
TWX 910-936-0770 

CONNECTICUT 

Arrow Electronics 
12 Beaumont Rd 
Wallingford, CT 06492 
Tel (203)265-7741 
TWX 710-476-0162 

Hamilton/Avnet Electronics 
Commerce Industrial Park 
Commerce Drive 
Danbury.CT 06810 
Tel (203)797-2800 

Kierulff Electronics 
10 Capital Drive 
Wallingford, CT 06492 
Tel (203)265-1115 
Lionex Corporation 
170 Research Parkway 
Meriden, CT 06450 
Tel (203)237-2282 

Schweber Electronics 
Finance Drive 
Commerce Industrial Park 
Danbury,CT 06810 
Tel (203)748-7080 
TWX 710-456-9405 

FLORIDA 

Arrow Electronics 
350 Fairway Drive 
Deerfield Beach, FL 33441 
Tel (305)429-8200 
TWX 510-955-9456 

Arrow Electronics 
1530 Bottle Brush 
Palm Bay, FL 32905 
Tel' (305) 725-1480 
TWX 510-959-6337 

Hamilton/Avnet Electronics 
6801 NW 15th Way 
Ft Lauderdale, FL 33309 
Tel (305)971-2900 

Hamilton/Avnet Electronics 
3197 Tech Drive North 
St Petersburg, FL 33702 
Tel (813)576-3930 

Hamilton/Avnet Electronics 
6947 University Blvd 
Winter Park, FL 32792 
Tel (305)628-3888 



AUTIIORIZil> l|ISf RIBUTORS 



FLORIDA (cont.) 

Kierulff Electronics 
5410 NW 33rd Ave 
Ft Lauderdale, FL 33319 
Tel (305)486-4004 

Kierulff Electronics ^ - 
3247 Tech Drive North 
St Petersburg, FL 33702 
Tel (813)576-1966 
TWX 810-863-5625 

Schweber Electronics 
181 Whooping Loop 
Altamonte Springs, FL 32701 
Tel (305)331-7555 
Schweber Electronics 
2830 N 28th Terrace 
Hollywood, FL 33020 
Tel (305)921-0301 
TWX 510-954-0304 

QEORQIA 

Arrow Electronics 

3155 Northwoods Parkway 

Suite A 

Norcross, GA 30071 

Tel (404)449-8252 

TWX 810-757-4213 

Hamilton/Avnet Electronics 
5825 D Peachtree Corners E 
Norcross, GA 30092 
Tel (404)447-7500 

Kierulff Electronics 
5824 Peachtree Corners E 
Norcross, GA 30092 
Tel (404)447-5252 

Schweber Electronics 
303 Research Drive 
Suite 210 

Norcross, GA 30092 
Tel (404)449-9170 

ILLINOIS 

Arrow Electronics 
2000 Algonquin 
Schaumburg, IL 60195 
Tel (312)397-3440 
TWX 910-291-3544 

Hannilton/Avnet Electronics 
1130"rhrondaleAve 
Bensonville, IL 60106 
Tel (312)860-7700 

Kierulff Electronics 
1140 West Throndale 
Itasca, I L 60143 
Tel (312)250-0500 

Newark Electronics 
4801 North Ravenswood 
Chicago, IL 60640 
Tel (312)784-5100 
TWX 910-221-0268 

Newark Electronics . 
5308 West 124th St 
Alsip, I L 60658-3295 
Tel (312)371-9000 



ILLINOIS (cont.) 

Schweber Electronics 
904 Cannbridge Drive 
Elk Grove Village, IL 60007 
Tel (312)364-3774 
TWX 910-222-3453 

INDIANA 

Advent Electronics 
8446 Moller Rd 
Indianapolis, IN 46268 
Tel (317)872-4910 
TWX 810-341-3228 

Arrow Electronics 
2495 Directors Row 
Suite H 

Indianapolis, IN 46241 
Tel (317)243-9353 

Hannilton/Avnet Electronics 
485 Gradle Dr 
Carmel, Indianna 46032 
Tel (317)844-9333 

IOWA 

Advent Electronics 
682 58th Avenue 

Court S W 
Cedar Rapids, lA 52404 
Tel (319)363-0221 
TWX 910-525-1337 

Arrow Electronics 
375 Collins Road N E 
Cedar Rapids, lA 52402 
(319)395-7230 

Hamilton/Avnet Electronics 
91 5 33rd Avenue SW 
Cedar Rapids, lA 52404 
Tel (319)362-4757 
TWX 910-525-1316 

Schweber Electronics 
5720 N Park Place N E 
Cedar Rapids, lA 52402 
Tel (319)373-1417 

KANSAS 

Hamilton/Avnet Electronics 
9219Quivira Road 
Overland Park, KS 66215 
Tel (913)888-8900 

Schweber Electronics 
10300W 103 rd 
Suite #103 

Overland Park, KS 66214 
Tel (913)492-2922 

MARYLAND 

Arrow Electronics 
8300 Guilford Road 
Suite H 

Columbia, MD 21046 
Tel (301)995-0003 
TWX 710-236-9005 



MARYLAND (cont.) 

Hamilton/Avnet Electronics 

6822 Oak Hall Lane' 

Columbia, MD 21045 

Bait Sales (301)995-3500 

Wash Sales 301-621-5410 

Kierulff Electronics 

825 D Hammonds Ferry Road 

Linthicun, MD 21090 

Tel (301)636-5800 

TWX 710-234-1971 

Lionex Corp 

9020 Mendell Hall Court 
Columbia, MD 21045 
Tel (301)964-0040 

Schweber Electronics 
9330 Gaither Rd 
Gaithersburg, MD 20877 
Tel (301)840-5900 ' 
TWX 710-828-9749 

MASSACHUSETTS 

Arrow Electronics 
Arrow Drive 
Woburn, MA 01801 
Tel (617)933-8130 
TWX 710-393-6770 

Gerber Electronics 
128 Carnegie Row 
Norwood, MA 02062 
Tel (617)769-6000 
TWX 710-336-1987 

Hamilton/Avnet Electronics 
50 Toy\/er Office Park 
Woburn, MA 01 801 
Tel (617)273-7500 

Kierulff Electronics 
13 Forturn Dr 
Billerica, MA 01821 
Tel (617)667-8331 
TWX 710-390-1449 

Lionex Corporation 
36 Jonspin Rd 
Wilmington, MA 01887 
Tel (617)657-5170 

Schweber Electronics 
25 Wiggins Ave ' , 
Bedford, MA 01 730 
Tel (617)275-5100 
TWX 710-326-0268 

MICHIGAN 

Arrow Electronics 
755 Phoenix Drive 
Ann Arbor, Ml 48104 
Tel (313)971-8220 
TWX 810-223-6020 

Arrow Electronics 
351 Roger Chaffee Blvd S E 
Grand Rapids, Ml 49508 
Tel (616)243-0912 

Hamilton/Avnet Electronics 
221 5 29th St, SE 
Space A-5 

Grand Rapids, Ml 49508 
Tel (616)243-8805 



MICHIGAN [conU] 

Hamilton/Avnet Electronics 
32487 Schoolcraft Road 
Livonia, Ml 48150 
Tel (313)522-4700 
Schweber Electronics 
12060 Hubbard Ave 
Livonia, Ml 48150 
Tel (313)525-8100 
TWX 810-242-2983 

MINNESOTA 

Arrow Electronics 
5230 W 73rd Street 
Edina, MN 55435 
Tel (612)830-1800 
TWX 910-576-3125 

Hamilton/Avnet Electronics 
10300 Bren Rd , East 
Minnetonka, MN 55343 
Tel (612)932-0600 

Kierulff Electronics 
7667 Cahill Road 
Edina, MN 55435 
Tel (612)941-7500 
TWX 910-576-2721 

Schweber Electronics 
7424 W 78th Street 
Edina, MN 55435 
Tel (612)941:5280 
TWX 910-576-3167 

MISSOURI 

Arrow Electronics 
2380 Schuetz Rd 
St Louis, MO 63416 
Tel (314)567-6888 
TWX 910-764-0882 

Hamilton/Avnet Electronics 
13743 Shoreline Court East 
Earth City, MO. 63045 
Tel (314)344-1200 

Kierulff Electronics 
2608 Metro Boulevard' 
Maryland Heights, MO 63043 
Tel (314)739-0855 

Schweber Electronics 
502 Earth City Expwy 
Suite #203 

Earth City, MO 63045 
Tel (314)739-0526 • 

NEW HAMPSHIRE 

Arrow Electronics 
Three Perimeter Road 
Manchester, NH 03103 
Tel (603)668-6968 
TWX 710-220-1684 

Hamilton/Avnet Electronics 
444 E Industrial Park Drive 
Manchester, NH 03104 
Tel (603)624-9400 

Schweber Electronics 
Bedford Farms, BIdg 2 
1st Floor 

Kitton & South River Rd 
Manchester, NH 03102 
Tel (603)625-2250 
TWX 710-220-7572 



>0L AUTHORIZED DISTRIBUTORS 



NEW JERSEY 

Arrow Electronics 
2 Industrial Road 
Fairfield. NJ 07006 
Tel (201)575-5300 
TWX 710-734-4403 

Arrow Electronics 
6000 Lincoln Drive East 
Marlton, NJ 08053 
Tel (609)596-8000 
TWX 710-897-3829 

Hamilton/Avnet Electronics 

1 Keystone Ave 

BIdg #36 

Cherry Hill, N J 08003 

Tel (609)424-0110 

Hamilton/Avnet Electronics 
10 Industrial Rd 
Fairfield, N J 07006 
Tel (201)575-3490 
(201)575-3390 

Kierulff Electronics 
37 Ku'ick Road 
Fairfield, NJ 07006 
Tel (201)575-6750 
TWX 710-734-4372 

Kierulff Electronics 
520 Fellowship Road 
Suite A 106 
Mt Laural, NJ 08054 
Tel (609)235-1444 

Lionex 

311 Rt 46 West 
Fairfield, NJ 07006 
Tel, (201) 227-7960 

Schweber Electronics 
18 Madison Rd 
Fairfield, NJ 07006 
Tel (201)227-7880 
TWX 710-734-4305 

NEW MEX8CO 

Arrow Electronics 
2460 Alanno Avenue, S E 
Albuquerque, NM 87106 
Tel (505)243-4566 
TWX 910-989-1679 

Hamilton/Avnet Electronics 
2524 Baylor S E. 
Albuquerque, NM 87106 
Tel (505)765-1500 

NEW YORK 

Arrow Electronics 
155 Sherwood Ave 
Farmmgdale, NY 11735 
Tel (516)293-6363 

Arrow Electronics 
20 Oser Ave 
Hauppauge. NY 11787 
Tel (516)231-1000. 
TWX 510-227-6623 

Arrow Electronics 
7705 Maltlage Dr 
Liverpool, NY 13088 
Tel (315)652-1000 
TWX 710-545-0230 



NEW YORK (cont.) 

Arrow Eleciron'icis 
25 Hub Drive 
Melville, NY 11747 
Tel (516)391-1300 
TWX 510-224-6126 

Arrow Electronics 
3375 Brighton Henrietta 

Townline Road 
Rochester, NY 14623 
Tel (716)427-0300 
TWX 510-253-4766 

Avnet, Inc 
767 Fifth Avenue 
New York, NY 10153 
Tel (212)644-1050 
Hamilton Avnet 
933 Motor Parkway 
Hauppauge, NY 11787 
Tel (516)231-9800 

Hamilton/Avnet Electronics 
103 Twin Oaks Drive 
Syracuse, NY 13214 
Tel (315)437-2641 

Hamilton/Avnet Electronics 
333 Metro Park 
Rochester, NY 14623 
Tel (716)475-9130 

Hamilton/Avnet Export 
1065 Country Road 
Suite 211 A 
Westbury, NY 11590 
Tel (516)997-6868 

Lionex Corporation 
400 Oser Ave 
Hauppauge, LI, NY 11787 
Tel (516)273-1660 

Rome Electronics 
216 Erie Blvd,E 
Rome, NY 13440 
Tel (315)337-5400 

Schweber Electronics 
4 Townline Circle 
Rochester, NY 14623 
Tel (716)424-2222 

Schweber Electronics 
Jericho Turnpike 
Westbury, NY 11590 
Tel (516)334-7474 
TWX 510-222-3660 

NORTH CAROLINA 

Arrow Electronics 
5240 Greens Dairy Rd 
Raleigh, NO 27604 
Tel (919)876-3132 

Arrow Electronics 
938 Burke St 

Winston-Salem, NC 27102 
Tel (919)725-8711 
TWX 510-931-3169 

Electronics Marketing 
Corporation 
1925 1-85 South 
Charlotte, NC 28208 
Tel (704)394-6195 



NORTH CAROLINA (cont.) 

Hamilton/Avnet Electronics 
3510 Spring Forest Road 
Raleigh, NC 27604 
Tel (919)878-0810 

Kierulff Electronics 
1 North Commerce Center 
5249 North Boulevard 
Rahegh, NC 27604 
Tel (919)872-8410 

Schweber Electronics- 
1 Commerce Center 
5285 North Blvd 
Raleigh, NC 27604 
Tel (919)876-0000 

OHIO 

Arrow Electronics 
7620 McEwen Road 
Centerville, OH 45459 
Tel (513)435-5563 
TWX 810-459-1611 

Arrow Electronics 
1040 Crupper Avenue 
Columbus, OH 43229 
Tel (614)885-8362 

Arrow Electronics 
6239 Cochran 
Solon, OH 44139 
Tel (216)248-3990 ■ 
TWX 810-427-9409 

Electronics Marketing 

Corporation 

17 Alpha Park 

Highland Heights, OH 44143 

Tel (216)442-3441 

Electronics Marketing 
Corporation 
1150W 3rd Ave 
Columbus, OH 43212 
Tel (614)299-4161 

Electronics Marketing 

Corporation 

4660 Gateway Circle 

Kettering, OH 45440 

Tel (513)439-4711 ■ ' 

Hamilton/Avnet Electronics 
4588 Emery Industrial Parkway 
Cleveland, OH 44128 
Tel (216)831-3500 

Hamilton/Avnet Electronics 
954 Senate Drive 
Dayton. OH 45459 
Tel (513)433-0610 

Hamitton/Avnet Electronics 
777 Brooksedges Boulevard 
Westerville, OH 43081 
Tel. (614)882-7004 

Kierulff Electronics 
23060 Miles Rd 
Bedford Heights, OH 44128 
Tel (216)587-6558 
TWX 810-427-2282 

Kierulff Electronics 
476 Windsor Park Drive 
Dayton, OH 45459 
Tel (513)439-0045 

Schweber Electronics 
23880 Commerce Park Rd 
Beachwood, OH 44122 
Tel (216)464-2970 



OHIO (cont.) 

Schweber Electronics . 
7865 Paragon Road 
Suite 210 
Dayton, OH 45459 
Tel (513)439-1800 

OKLAHOMA 

Arrow Electronics 
4719 S Memorial 
Tulsa, OK 74145 
Tel (918)665-7700 

Kierulff Electronics 
12318 E 60th St 
Tulsa, OK 74145 
Tel (918)252-7537 
TWX 910-845-2150 

Norvell Electronics 
12210 E 52nd St 
Suite 105L/B5 
Tulsa, OK 74146 
Tel (918)254-8606 

Schweber Electronics 
4815 S Sheridan Road 
Suite #109 
Tulsa, OK 74145 
Tel (918)622-8000 

OREOON 

Arrow Electronics 
10260SW Nimbus Avenue 
Suite M3 

Tigard, OR 97223 
Tel (503)684-1690 

Hamilton/Avnet Electronics 
6024 S W Jean Rd 
BIdg C, Suite 10 
Lake Oswego, OR 97034 
Tel (503)635-8157 

Kierulff Electronics 

14273 NW Science Park Dr 

Portland, OR 97229 

Tel (503)641-9150 

TWX 910-467-8753 

Wyle Distribution 

5289 N E Elam Young Pkwy 

BIdg El 00 

Hillsboro, OR 97123 

Tel (503)640-6000 

TWX 910-46Ci-2203 

PENNSYLVANIA 

Arrow Electronics 
650 Seco Rd 
Monroeville, PA 15146 
Tel (412)856:7000 
TWX 710-797-3894 

Hamilton/Avnet Electronics 
2800 Liberty Avenue 
Building E 

Pittsburgh, PA 15222 
Tel (412)281-4150 
TWX 710-670-1127 

Lionex Corp 
101 Rock Road 
Horsham, PA 19044 
Tel (215)443-5150 



AUTHORIZED DISTRIBUTORS 



PENNSYLVAHIA (cont.) 

Schweber Electronics 
Prudential Business Campus 
231 Gibraltar Road 
Horshann, PA 19044 
Tel (215)441-0600 
TWX 510-665-6540 

Schweber Electronics 
1000 RIDC Plaza Suite #203 
Pittsburg, PA 15238 
Tel (412)782-1600 

TEXAS 

Arrow Electr£>nics 
2227 West Braker Lane 
Austin, TX 78758 
Tel (512)835-4180 
TWX 910-874-1348 

Arrow Electronics 
3220 Commander Drive 
Carrollton, TX 75006 
Tel (214)380-6464 
TWX 910-860-5377 

Arrow Electronics 
10899 Kinghurst Dr 
Suite 100 

Houston, TX 77099 
Tel (713)530-4700 

Hamilton/Avnet Electronics 
2401 Rutland Dr 
Austin, TX 78758 
Tel (512)837-8911 

Hamilton/Avnet Electronics 
8750 Westpark Dr 
Houston, TX 77063 
Tel (713)780-1771 

Hamilton/Avnet Electronics 
2111 West Walnut Hill Lane 
Irving, TX 75062 
Tel (214)659-4100 

Kierulff Electronics 
3007 Longhorn Blvd 
Suite 105 
Austin, TX 78758 
Tel (512)835-2090 
TWX 910-873-1359 

Kierulff Electronics 
9610 Skillman Ave 
Dallas, TX 75243 
Tel (214)343-2400 
TWX 910-861-2150 

Kierulff Electronics 
10415 Landsbury Dr 
Suite 210 

Houston, TX 77099 
Tel (713)530-7030 
TWX 910-880-4057 

Norvell Electronics 
8705 Shoal Creek Blvd 
Suite 105 
Austin, TX 78758 
Tel (512)458-8106 

Norvell Electronics 
14410 Midway Rd 
PO Box 801207 
Dallas, TX 75380 
Tel (214)233-0020 



TEXAS (cont.) 

Norvell Electronics 
5800 Corporate Dr 
Suite C5 

Houston, TX 77036 
Tel (713)777-1666 

Schweber Electronics 
6300 La Calma Dr 
Suite 240 
Austin, TX 78752 
Tel (512)458-8253 

Schweber Electronics 
4202 Beltway 
Dallas, TX 75234 
Tel (214)661-5010 
TWX 910-860-5493 

Schweber Electronics 
10625 Richmond Ave 
Suite #100 
Houston, TX 77042 
Tel (713)784-3600 
TWX 910-881-4036 

Wyle Distribution Group 
2120 W Breaker Lane 
Suite F ; 
Austin, TX 78758 
Tel (512)834-9957 
TWX 710-378-7282 

Wyle Distribution Group 
11001 S Wilcrest 
Suite 100 

Houston, TX 77099 
Tel (713)879-9953 

Wyle Distribution Group 
1810 N Greenville Avenue 
Building A 

Richardson, TX 75081 
Tel (214)235-9953 
TWX 310-378-7663 

UTAH 

Arrow Electronics 
1515 W 2200 South 
Salt Lake City, UT84116 
Tel (801)972-0404 

Hamilton/Avnet Electronics 
1585 West 2100 South 
Salt Lake City, UT84119 
Tel (801)972-2800 

Kierulff Electronics 
2121 South 3600 West 
Salt Lake City, Utah 841 19 
Tel (801)973-6913 
TWX 910-925-4072 

Wyle Distribution Group 
1959 S 4130 West, Unit B 
Salt Lake City, UT 84104 
Tel (801)974-9953 

VIRGINIA 

Arrow Electronics 
Kroger Executive Park 
8002 Discovery Drive 
Campbell BIdg , Suite 214 
Richmond, Virginia 
Tel (804)282-0413 
TWX 710-956-0169 



WASHINGTON 

Arrow Electronics 
14320 Northeast 21st Street 
Bellevue,WA 98007 
Tel (206)643-4800 

Hamilton/Avnet Electronics 
14212 N E 21st St 
Bellvue, WA 98007 
Tel (206)643-3950 

Kierulff Electronics 
19450 68th Ave S 
Kent, WA 98032 
Tel (206)575-4420 

Wyle Distribution Group 
1750 132nd Ave, NE 
Bellevue, WA 98005 
Tel (206)453-8300 
TWX 910-443-2526 

WISCONSIN 

Arrow Electronics 
200 North Patrick Blvd 
Brookfield, Wl 53005 
Tel (414)792-0150 

Hamilton/Avnet Electronics 
2975 S Moorland Rd 
New Berlin, Wl 53151 
Tel (414)784-4518 

Kierulff Electronics 
2236 W Bluemound Rd 
Waukesha, Wl 53186 
Tel (414)784-8160 
TWX 910-265-3653 

Marsh Electronics 
1563 S 101 St 
Milwaukee, Wl 53214 
Tel (414)475-6000 

Schweber Electronics 
150 Sunnyslope Road 
Suite 120 

Brookfield, Wl 53005 
Tel (414)784-9020 

CANADA 

Canadian GE-ECO 
189 DufferinSt 
Toronto, Ontario 
Canada M6K 1Y9 
Tel (416)530-2895 
TLX 06-23238 

Canadian GE-ECO 
203 Colonnade Rd 
Nepean, Ontario 
Canada K2E 7K3 
Tel (613)723-0336 

Electro Sonic 
11 00 Gordon Baker Rd 
Willowdale, Ontario 
Canada M2H SB2 
Tel (416)494-1555 
TLX 065-25295 

Hamilton Avnet Electronics 
2816 21st Street N E , 
Calgary, Alberta 
Canada T2E 6Z2 
Tel (403)230-3586 
TWX 038-27642 



CANADA (cont.) 

Hamilton Avnet Electronics 
6845 Redwood Road, Unit 3, 4, 5 
Mississauga, Ontario 
Canada L4V 1R2 
Tel (416)677-7432 
TWX 610-492-8867 

Hamilton Avnet Electronics 
190 Colonnade Road 
Nepean, Ontario 
Canada K2E 7L5 
Tel (613)226-1700 
TLX 053-4971 

Hamilton Avnet International 
2795 Rue Halpern 
VilleSt Laurent, Montreal 
Canada H45 1P8 
Tel (514)335-1000 

Hamilton Avnet Electronics 
2550 Boundary Rd 
Suite 115 
Burnaby, BC 
Canada V5M 3Z3 
Tel (604)437-6667 

Zentronics 
8 Tilbury Court 
Brampton, Ontario 
Canada L6T 3T4 
Tel (416)451-9600 
TLX 06-97678 

Zentronics 
3300-14 Ave N E 
Calgary, Alberta 
Canada T2A 6J4 
Tel (403)272-1021 

Zentronics 
155 Colonnade Rd 
Unit 17& 18 
Nepean, Ontario 
Canada K2E 7K1 
Tel (613)226-8840 

Zentronics 

108-1 1400 Bridgeport Road 

Richmond, BC 

Canada V6X 1T2 

Tel (604)273-5575 

Zentronics 
505 Locke Street 
St Laurent, Quebec 
Canada, H4T 1X7 
Tel (514)735-5361 
TLX 05-827535 

Zentronics 
564 Weber St N 
Unit 10 

Waterloo, Ontario 
Canada N2L 5C6 
Tel (519)884-5700 

Zentronics 
590 Berry Street 
Winnipeg, Manitoba 
Canada R3H 0S1 
Tel (204)775-8661 

Zentronics 

#210-3501 8th St East 
Saskatoon, Saskatchewan 
Canada, S7H 0W5 
Tel (306)955-2202 



INtERNATlONAL^ALES OFFICES 



INTERNATIONAL 

MARKETING 

HEADQUARTERS 

Intersil Inc 

10600 RiclgeviewCour( 

Cupertino CA 95014 

USA 

Tel (408)996-5000 

TWX 910-338-0533 

(INTRSLINTCPTO) 



EUROPEAN 
HEADQUARTERS 

General Electric International 

Operations 
Semiconductor Business Division 
Chaussee de la Hulpe 150— Bte 5 
1170 Brussels 
Belgium 

Tel' (2) 673 81 59/660 20 16 
TLX 22004 GE 10 B 
Rapifax 660 10 55 



BENELUX 

General Electric International 

Operations Co Inc 
Semiconductor Division — Benelux 
Chaussee de la Hulpe 150— Bte 5 
1170 Brussels 
Belgium 

Tel (2)673 81 59/660 20 16 
TLX 22004 GEIOB 
Rapifax 660 10 55 



FRANCE 

General Electric Semiconductor — 

France 

337 Bureaux de la Colline — D8 

8 Etage 

92213 Saint-CloUdCedex 

France 

Tel (1)602 58 98 

TLX INTEDAT 270039A 



ITALY 

General Electric Semiconductor 

Via Dei Missaglia 1 13/A1 

20142 Milano 

Italy 

Tel 8229709/10/11 or 8264364 

TLX 331438 CGEHQ1 



UNITED KINGDOM 

Intersil Da\efWK)'u6 

Belgrave House 

Basing View 

Basingstoke Hants RG21 2YS 

England 

Tel 0256-57361 

TLX 858057 INTRSLG 



SPAIN 

General Electric Technical Services 

Co Inc 
Apartado 700 
Juan Bravo 3 C 4th Floor 
Madrid 6 
Spam 

Tel 276-7062 
TLX 27650 



SWEDEN 

International G E AB 

Semiconductor Business Divjsion 

Kistagangen 19 

Box 1203 

S-163 13 Spanga 

Sweden 

Tel 8-7939500 

TLX 10439 INGECOS 



HONG KONG 

Intersil Datel (Hong Kong) Ltd 

Rm 1603 

Perfect Commercial BIdg ' 

20 Austin Avenue Tsimshatsui 

Kowloon 

Hong Kong 

Tel 3-7214286-7 

TLX 39979 INTDL HX 



WEST GERMANY 

G E Semiconductor GmbH 
Bavariaring8 Concordiahaus 
D-8000 Muenchen 2 
West Germany 
Tel 089 514900 
TLX 5218295 GESfv^ 
FAX 089 5149040 

General Electric Technical Services 

Co Inc 
Praunheimer Landstrasse 50 
6000 Frankfurt/IVlain 90 
West Germany 
Tel 7607333 
TLX 411443 



ASIA AND PACIFIC 

HEADQUARTERS 

FAR EAST SEt\/IICOND0CTOR 

MARKETING OPERATION ' ' 

GENERAL ELECTRIC (USA) 

SEMICONDUCTOR K K 

Meji Seimei GPtanda BIdg 3rd Fl 

2-27-4 Nishi Gotanda 

Shinagawa-Ku Tokyo 141 

Japan 

Tel (03) 779-0401 

FAX 03-779-1658 

TLX 2468205 DACADC J 



JAPAN 

GENERAL ELECTRIC (USA) 

SEMICONDUCTOR K K 

Meji Seimei Gotanda BIdg 3rd Fl 

2-27-4 Nishi Gotanda 

Shinagawa-Ku Tokyo 141 

Japan 

Tel (03)779-0401 

FAX 03-779-1658 

TLX 2468205 DACADC J 



KOREA 

G E (USA) Korea Company 

10th Floor Hanrni BIdg 

No 1 Kongpyong-Dong Chongro-Gu 

Seoul 110 

Korea 

Tel 744-7215 or 7252 

TLX K26381 GETSCO SEOUL 



SINGAPORE 

Electronic Components of G E 

(USA)Pte Ltd 
105 Boon Keng Road 
No 03-01 
Singapore 1233 
Tel 2983522 
TLX ECOGE RS35582 



INTERNATIONAL 
DISTRIBUTOR OFFICES 



AUSTRALIA 

R&D Electronics Pty., Ltd 

4 Florence Street PO. Box 206 

Burwood, Victoria 3125 

Australia 

Tel 288-8911/8232/8262 

TLX RADETAA 33288 

R&D Electronics Pty . Ltd 

133 Alexander St 

PO Box 57 

Crows Nest NSW 2065 

Sydney 

Australia 

Tel 439-5488 

TLX SECCOAA25468 

AUSTRIA 

Transistor Vertriebsges m b H & 

Co, KG 
Auhofstrasse 41 A 
A-1 130 Vienna 
Austria 

Tel (0222)829401-0 - 
TLX 133738 TVGWN A 

BELGIUM 

Master Chips SPRL 
Blvd St. Lazare 4 
1210 Brussels 
Belgium 

Tef (02)219 58 62 
(02)219.14 84 
TLX 62500 MASTER B 

DENMARK 

E V Johanssen Electronik A-S 

15, Titangade 

DK-2200 Copenhagen N 

Denmark 

Tel- 45-1-839022 

TLX 16522 EViCAS DK 

FINLAND 

Nabia Elektroniikka Oy 

PO Box 3 

SF-02101 Espoo 10 

Finland 

Tel 90462829 or 4552955 

TLX 124270 NABLA SF 

FRANCE 

CCI 

Zone Industrielle 

5, Rue Marcetin Berthelot 

92160 Antony 

France 

Tel- (1) 666 21 82 

TLX 203881 F 

C C I 

67, Rue Bataille 

69008 Lyon 

France 

Tel (78) 742375 

TLX 375456 

Teketec-Airtronic 

BP No 2 

Cite des Bruyeres 

Rue Carle-Vernet 

92310 Sevres 

France 

Tel (1) 534 75 35 

TLX TKLEC A 204552F 



HONQ KONQ 

Conmos Products, Ltd 

11th Fir Hay-Nien Building 

#1 Tai Yip St. 

Kwun Tong, Kowloon 

Hong Kong 

Tef 3-7560103-8 

TLX 85448 CMOS HX 

Electrocon Products, Ltd 
Rm 603, 6th Floor , , 
Perfect Commercial BIdg. 
20 Austin Avenue, Tsimshatsui 
Kowloon t 

Hong Kong 
Tel 3-687214-6 
TLX 39916 EPLETHX 

INDIA 

Kaytronics Electronics Engineer 
204, 2nd Fl , Karan Centre 
P B No 45, Sarojini Revi Rd 
Seconuderabad 500 003 
India 

Tel. 77924 
TLX 155 6707 ' 

INDIA— U.S. OFFICE 

Fegu Electronics 

2584 Wyandotte St 

Mountain View, California 94043 

USA 

Tel- (415) 961-2380 

TLX 176572 FEGU ELEC MNTV 

ISRAEL 

Vectronics, Ltd 

60 Medinat Hayehudim St 

PO Box 2024 

Herzha B 46120 

Tel (052)556070 
TLX 342579 VECO IL 

ITALY 

Eledra 3S S P A 
. Viale Elvezia, 18 
20154 Milano 
Italy 

Tel (2)349 751 
TLX 332 332 

Eledra 3S S P A 

Via Paolo Gaidano, 141/D 

10137 Torino 

Italy 

Tel (11)3099111-2-3 

TLX 210632 

Eledra 3SS PA 

ViaG Valmarana. 63 

00139 Roma 

Italy 

Tel (6)8110151 

TLX 612051 

Eledra 3SS PA 

Via Zaccherini Alvisi, 6 

40138 Bologna 

Italy 

Tei (51)307781-340999 

TLX 213406 



ITALY (eont.) 

Eledra 3S S P A 

Via Turazza, 32/41 ' 

35100 Padova 

Italy 

Tel (49)655488-655749 

TLX 430444 

Eurelletronica 

Via Mascheroui, 19 

20125 Milano 

Italy 

Tel 4981851 

TLX 332102 

Pantronic 

ViaMattiaBattistini. 212A 

00167 Roma ' 

Italy 

Tel 6273909 

TLX 612405 



JAPAN 

Internix, Inc 

Shinjuku Hamada Bidg 

(7th Floor) 
7-4-7 Nishi Shinjuku 
Shinjuku-Ku 
Tokyo 160. 
Japan 

Tel (03)369-1101 
TLX INTERNIX J26733 

Ifiternix, Inc 

Aral BIdg 

5-3-36 Tokiwagi 

Uedashi, Nagano 386 

Japan 

Tel (0268)25-1610 

Internix, Inc 

Sobajima Daini Noritake BIdg 

1-9-9 Noritake 

Nakamura-Ku, Nagoya 453 

Japan 

Tel (052)452-8841 

Internix, Inc 

Takahashi BIdg (Nishikan) 

4-4-13 Nishi-Tenma, Kita-Ku 

Osaka 530 

Japan 

Tel (06)364-5971 

Internix, Iric 

Hachioji Technical Center 

2-5-1 Ouwada-cho Hachioji 192 

Japan 

Tel (0426)44-8671 

Internix, Inc 

Sunlife Dai-san BIdg. 

2-5-19 Hakataeki-Higashi 

Hakata-Ku, Fukuoka 812 

Japan 

Tel (092)472-7716 

KOREA 

Duksung Trading Co 
Room 301 Jinwon BIdg 
507-30 Sinrim 4-Dong 
Gwanak-Ku, Seoul 
Republic of Korea 
Tel 856-9764 
TLX DUKSUNG K23459 



MALAYSIA 

NIE Electronics (M) SDB BHD 

P O Box 12167 Lot 2 22 2nd Floor 

Komplex Selangor Jatan Sultoan 

Kuala Lumpur 

Malaysia 

Tel 03-224344 

TLX NIE MA 31231 

NIE Comptronics SDN BHD 

14 Jalan Pahang. Penang 

Malaysia 

Tel 362118 362200 362194 

TLX NIECOM MA 40608 

NETHERLANDS 

Auriema Nederland B V 
Doornakkersweg 26 
5642 MP Eindhoven 
Netherlands 
Tel 040-816565 
TLX 51992 AURI NL 

NEW ZEALAND 

Delphi Industries, Ltd 

27 Ben Lomond Crescent 

Pakuranga, Auckland 

New Zealand 

Tel 563-259 

TLX DELPHIC NZ21 992 

NORWAY 

Hans H Schive A/S 

P O Box 15 

Holmengt, 28 

N-1360 Nesbru 

Norway 

Tel (02)84-51-60 

TLX 19124 SKIVE N 

PORTUGAL 

Decada Espectral • 
Equipamentos de Electronica e 

Cientificos, SARL 
Av Bombei.ros.Voluntarios, Lote 

102B 
Miraflores/Alge^ 
1495 Lisboa 
Portugal 
Tel 2-103420 
TLX 15515 ESPECP 

SOUTH AFRICA 

Electronic BIdg Elements Pty , Ltd 
PO Box 4609 
Pretoria 0001 
Republic of South Africa 
Tel 46-9221/7 
TLX 20723 SA 
22786 SA 

SOUTH AMERICA— 
U.S. OFFICE 

Intectra 

2629 Terminal Blvd 

Mountain View, California 94043 

USA 

Tel (415)967-8818 

TLX 345-545 INTECTRA MNTV 



llUfCMl/ITtOiiAL 



SPAIN 

Amitron S A "' ' i 
Avenida Valladolid, 47-A 
28008 Madrid 
Spam ' ' ' 

Tel (01)2479313/2479332 
TLX 45550 AiyijTE, , 

SWEDEN 

Svensk Teleimport AB 
' Box 5071 
S^62 05yal|ipgby 
Sweden " •' 
Tel 08-890265 , 
TLX 15372 TIMPS , 

SWITZERLAND 

Laser & Electronic Equipment 
Eierbrechtstrasse 47 
8053 Zurich . . 
Switzerlaha ' 
Tel 01 55 33 30, 
TLX 52124 LASEQ CH 

Laser & Electronic'Equipnnent 
Bureau Suisse Romande 
1 Avenue Iridustrielle 
1227 Carouge — Geneve 
Switzerland 
Tel 022 425 677 
TLX 421 343 

TAIWAN 

Galaxy Faf East Corp 
Room 4, 2nd Fl , No '312 
Sec 4 Chung fc^saio East Rd 
PC Box 36-12 Taipei 
Taiwan, RO.C ,,. - 
Tel (02) tei 11895-7 
Cable GALAXYER 
' TLX 26110 GALAXYER 

THAILAND 

Grawinner Company Limited' 

226/27 Phghonyothih Rd 

Phyathai Barigkok 10400 

Thailand 

Tel 278-3411 , ' 

TLX 87155 GWNTH 

TURKEY 

Turkeiek Elektronik, Ltd 

Hatay Sokak #8 , 

Ankara 

Turkey 

Tel 41-252109/189483 

TLX 42120 TRKLTR 

Turkeiek Elektronik, Ltd 
Kenhferalfi'Cad' Topihane Ishani 

406 , . , ^ . ,',, . 
Istanbul 
Turkey 

Tel 1-1431268/1434046 
TLX 22036- 



UNITED KINQD6M 

Farnell Electronic Components, 

Ltd 
Canal Road 
Leeds, LS12 2NE 
England 

Tel (0532)636311 
TLX 55147 FEC G 

Hawke Elect , Ltd 
Amotex House, 
45, Hanworth Rd 
Sunbury on Thames . 
Middx, , 
England 

Tel (01979)7799 
TLX 923592 ' 

Jermyn Distribution, Ltd 

Vestry Estate ' 

Seven Oaks 

Kent 

England 

Tel (0732)450144 

TLX 95142 

Macro-Marketing, Ltd , 

Burnham Lane 

Slough, Berks SL1 6LN , . 

England 

Tel (06286)4422 

TLX 847945 MACRO G 

The Radio. Resistor Co 

Cambridge Road, St Martin's Way 

Bedford 

England 

Tel (0234)47211 

TLX 82651 

Trident Microsystems, Ltd 

Trident House 

53 Orrhside Way 

Redhill, Surrey RH1 2LS 

England n ' 

Tel- (0737) 69217 

TLX 8953230 TRELEC G 

WEST QERMANY 

Bitronic GmbH 
, DingolfingerStrasse 6 
'8000 Muenchen 80 
West Germany 
Tel 89/49/60/01 
TLX 5212931 BIT D 

Bitronic GmbH 
Dieselstrass©" 30 
7016 Gerlingen 
West Germany 
Tel 71 56/2 40 51 
TLX 7266 743 BIT D 

Bitronic ,GmbH 
Karl-Mgrx-Strasse 59 
4600 Dortmund 1, 
West Germany, . 
Tel 02 31/52 82 93 
TLX 822 664 BIT D 



WEST GERMANY (cont.j 

Bitronic GmbH 
Sommerfieldring 35 
1000 Berlin 39 , 
West Germany 
Tel 30/8 05 25 26 

Bitronic GmbH 
HanauerStr 39 
6360 Friedberg 
Frankfurt 
West Germany 
Tel 06031/9047 
TLX. 4184050 B1T D 

Spezial-ElectroniQ KG 
Hermann-Linggstr 16 
8000 Muenchen 2 
West Germany 
Tel 89/530387 
TLX 5212176.SPEZ D 

Spezial-Electronic KG 
'Kreuzbreite 14 
3062 Bueckeburg 
West Germany ..'. 
Tel (05) 722 2030 
TLX 971624 SPEZp, 

Speziat-Electronic KG 
Magdeburgerstrasse 15 
7090 Ellwangen 
West Germany 
Tel (07) 961 4047 
TLX 74712 SPEZ D 

Spezial-Electronic KG 
Hanauer Str 4 
6360 Fnedberg 
West Germany 
Tel (06)031 4634 
TLX 4184025 SPEZ D 



GE stands for Great Engineering 
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Intersil, Inc, 

10600 Ridgeview Court 
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